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If you dont see it here, call us. 
We'll custom build a system 


just for you. 


Its a personal commitment from Alice. Gregg, Jeff. Beverly 

and their associates at the [BM Personal Computer Company. 
Thousands of IBM people — many working around the clock — 
to keep you personally delighted with everything we do for you. 


It starts — but doesnt end — with our hot-selling IBM 

Value Point"! PCs. ‘Take a closer look at the systems shown 
here, Super PCs. Super prices. But if you dont sce the system 
you want. call us. We'll build your PCs to your specifications — 
and your budget. We can even preinstall selected software. 


Remember. Value Point is backed by IBM HelpWare®, including 
our 30-day monevback guarantee. No qualms. No quibbles. No 
questions asked.' And for one year with {ree around-the-clock 
telephone assistance and fast onsite service (even in the most 
remote locations!) from more than 10.000 IBM service repre- 
sentatives in over 1.600 locations nationwide; 


Call us today. And discover how were putting the personal 


in personal computing. 


All ValuePoint DeskTop and Mini-Iower systems listed below feature:* 


8 486 processors 8 Zero Insertion Force (211°) socket for fast. 
а SVGA VESA Local Bus Video easy processor upgrades 
8 Upgradability via Intel OverDrive™ technology B A 32-bit VESA Local Bus slot for local bus 
all the way up to Pentium®” speed on SCSI drives and other peripherals 
и |01-Кеу IBM Enhanced Keyboard and IBM Mouse a IBM Праге 
EE NN 
Processor i486SX/25MHz \4865X/25MHz 486DX/33MHz i486DX2/66MHz 
Hard Drive/Memory 120MB/4MB 212MB/4MB 120MB/4MB 212MB/4MB 
Drive(s) 29 3.5" & CD-ROM 3.9 3.5 
Monitor IBM 14V 14° SVGA Ni IBM 14V 14° SVGA NI IBM 14V 14" SVGA NI IBM 14V 14° SVGA NI 
Operating System IBM 005 & WINDOWS™ IBM DOS & WINDOWS IBM DOS & WINDOWS IBM DOS & WINDOWS 
Price */ М Credd Lease** $1,469 / $53 per monn $1,893 г S68 per month $1,819 / $66 per month $2,328 / $84 per month 
Processor i486SX/25MHz 486DX/33MHz (486DX2/50MHz i486DX2/66MHz 
Hard Drive/Memory 212MB/4MB 212MB/4MB 212MB/4MB 245MB/4MB 
Drive(s) 35 3.5 3.5” & CD-ROM 35 
Monilor IBM 14V 14° SVGA NI IBM 14V 14° SVGA NI IBM 14V 14° SVGA NI IBM 14V 14" SVGA NI 
Operating System IBM DOS & WINDOWS IBM DOS & WINDOWS IBM 005 & WINDOWS IBM DOS & WINDOWS 
Price®; IBM Credit Lease"* $1,689 / $61 per month $2,039 / $73 per morth $2,504 / $90 per month $2,609 / $94 per month 
Processor 486DX/33MHz' 486DX/33MH2' (4B6DX2/66MHz i486DX2/66MH:z 
Hard Drive/Memory 245MB/4MB 340MBAMB 340MB/4MB 420MB/4MB 
Drive(s) 25: 3.5" & CD-ROM 35 35 
Monitor IBM 14V 14° SVGA NI IBM 14V 14° SVGA NI IBM 14V 14" SVGA NI IBM 15V 15° SVGA FS NI 
Operaling System IBM DOS & WINDOWS IBM DOS & WINDOWS IBM DOS & WINDOWS IBM DOS & WINDOWS 
Prica*;8M Crett tease" $2,059 / $81 per month $2,634 / $95 per mor $2,779 / $100 per month $3,039 / $109 per month 


ee eee Se —MMMMM————————————À— 


' Some 486DX/33MHz chips may be manufactured by IBM. “ValuePoint Si systems do not include al! features listed above chart. Please refer to product details listed at left, or call for 
more information. ValuePoint Si prices listed reflect IBM Basic Keyboard only. IBM Enhanced Keyboard available at additional cost. 
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1255А/5ї 
433DX/D 
| ValuePoint Si - MEW! ValuePoint DeskTop ValuePoint Mini-Tower 
В Newest entry-level member of the = Plenty of room to grow: 5 slots (includes B Convenient, compact Mini-Tower processor 
ValuePoint family 1 VESA Local Bus slot), 5 bays case measures 95" W x 168 11x 169" D 
в Compact size: H.2" х 4.8" И x 165" D B A super combination of speed, power. п Enormous room for growth: 
B VESA Local Bus Video upgradability and expandability 8 slots (includes | VESA 
= 3 slots and 3 bays и IBM HY 14" SVCA NI Monitor Local Bus slot), 6 bays 
, 4 B Perfect format for high-powered computing 
& Choice of IBM Keyboard (Basic?! (CAD/CAM, graphics, multimedia, etc.) or as a 
or Enhanced) 


low-cost network server 


н A great, low-cost network client лн e e Ж a IBM 15У 15" SVGA FS NI Monitor 


п ІВМ lHelpWare service and support 


Bs IBM МУ H" SVGA NI Monitor Dozens of popular software 


applications are available 


= SS SE through Soft Select™. Call 
= = === us for а complete listing. 
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To IBM Customer Engineer Jay 
Pancost, going the extra mile often 
means exactly that. His service calls 
take him to homes and offices from the 
Grand Canyon to the Hopi and Navajo 
reservations. “When you buy a PC,” he 
says, the company that made it should 
be there for you when you need them. 

| like the idea of a job where people are 
always glad to see me, even if they're 


sometimes surprised | would go so far 


Jay Pancost 
IBM Customer Engineer 


may be, there are 
more than 10,000 
[BM service represen- 


tatives like Jay Pancost, 


in over 1,600 locations nation- 


wide, at your service. 


Right where you want them. 


If you've ever bought computers 


"direct," we want you to know one 


off the beaten path." Wherever you important thing. 


This time, it can be different. 


Lol. WW — с =, Call 1 800 PET 


The IRM PC Direct"! Source Book. 


Из all here! ValuePoint PCs, 
hot-selling ThinkPad? notebooks. 
monitors. printers, memory and 
storage upgrades. multimedia, 
networking products and 
popular software. We've 


call 1 800 IBM-2YOU today 
and its yours! 


reserved a copy for you. Simply 


refer to: BMN 
1 800 426-2968 
Bam-midnight M-F, EST 
Bam-7pm Sat, EST 
Purchase order is available for qualifying customers. 


IBM PC Direct 


We're putting the personal 
in personal computing. 


Angela Hardy 
PC Consultant 
ІВМ PC Direct 


Its as simple as calling Angela Hardy, or any 
one of our other PC consultants, ValuePoint 
PCs. ThinkPad® notebooks, peripherals, 
printers. monitors, add-ons, the most popular 
software and more (JBM and non-IBM) are 
all yours — at prices you'll find personally 
pleasing — when you call 1 800 IBM-2YOL. 
Youll speak to a PC consultant whe'll either 
answer any question you have, or get you in 
touch fast with an expert who can. If you dont 
see it here, its in our [ree catalog And if it's 
not in the catalog. we can probably get it for 
you anyway. Either way...call! 


This time you can have it all. 


Super prices on popular software! 


IBM PC Direct has the popular software you want at 
prices youll love. Remember. if you dont sec it here. 
or in our catalogs. call us Chances are we can get it 
for you fast! 


Winkax™ Pro (ММ13632).................. $79 
STACKER® (MM20205)........ — ИЕ 
Quicken™ for Windows 20 (MM45870)........ $45 
Worl Perfect® for Windows 12 

35" (ММТТӘ).............. — $289 
525" (ММ80915)................ ce eee $305 


Boost your processing performance. 


Heres a super way to boost system performance without 
buying a new system. Our 256KB 12 Write Hack Cache 
Memory Kit. Video Memory Upgrade Kits and Intel 
OverDrive Processor muke it easy to upgrade your 
Vale Point system. And we now offer 12 Cache Memory 
Kits for the Мае Si, too! 


ValuePoint Options 

ORB L2 Write Back Cache Vemory Kit 

(01626) . . ...... ыа NENNEN. 
DOKB L2 Write Thru Cache Memory Kit 

(М; 1625)....... a a aa eaea aa $229 
128KBD L2 Write Thr Cache Memory Ки 

(6061624) .......... —— ШО 


IMB Video Memory L perude Kit (606 1023). . . . . $89 


Intel OverDrive Processor 48061X25 
a: | ............ э э ж еш э а eoeuerue S389 


ValuePoint Si Options 
New! 128КВ L2 Cache Memory Kit (733128). , . $90 
New! 256KB L2 Cache Метагу Kit (7363129) 


(requires part 7363128) ................... $00 
New! 512KB Video Memory Upgrade Kit 
(ТОШ) eoo e oe еоовоно о оь oo 42 


Call 1 800 IBM-2YOU 


refer to: BMN 
1800 426-2968 ag 

Sam-midnight M-F, EST шк, V. 
8am-7pm Sal., EST | " 
Purchase order is available for qualifying customers. 


Save space inside your multimedia PC! 


The IBM Windsurfer™ Communications Adapter 

ix the complete small business/home office ISA 
solution! Its a data/fax modem. a telephone answer- 
ing machine, a CD-quality «eund system and MIDI 
svnthesizer...all in one! Included аге a УЗ? Data 
Modem. 9600bps Fax/Modem. IBM Phone FX for 
Windows. Mwave™ MIDI synthesizer with MIDI port. 
Tro Dutal'AX LITE for Windows. and more. 


Mwave Windsurfer Communica.ions Adapter 
(827250).............. pilos — $349 


Improve your communications and connectivity! 


Whether you need to communicate with outside cur- 
tomers, satellite offices or the person next door, we offer 
a range of options for keeping you connected. 


Boca Research 14447 144 Data? Fax Modem. 
including KaxWorks™ (ММ28202) ........... 8175 


[Вах Г ISA Ethermet? Adapter (6060605). . . . . 591 
Base? ISA Ethernet Adapter (600615). , |... $100 


IBM "Token-Ring 16/4 AT Bus Adapter 
Cl) PERMET Боов $490 


Give your PC gigantic storage capacity! 


Then: are more options than ever for upgrading your 
curent system. Replace your hard drive to keep up with 
tamorrows demands, or add an additional diskette drive 
for increased flexibility...the choice is vour! 

IBM 525" Internal. 12MB diskette drive 
(BUME)........... IPRC n .... 9 
HMB AT IDE Hard Drive (326-95) ..,..... $530 
527 MB AT IDE Hard Drive (2204196), ....... $099 


The ISA Internal CD-ROM has a fast 300K B/SEC 
maximum data transfer rate — double the speed of most 
CD-ROM drives! You can load your operating system 
and applications software from a typical 60OMB CD- 
ROM disk. You save precious hurl drive space and loud 
onto your ISA system faster, It» priced to move fast too! 


ИЗМ ISA Internal CD-ROM Drive (3262961). . . . $315 


| FREE! 


The [BM PC Direct™ Source Bonk. 
NalueP bint. ThinkPad. 
peripherals, add-ons. 
popular software ...its 

all here and its all 

yours for the asking, Call 
1 800 IBM-2YOU today! 


“IBM prices only. The offerings. prives and products are 
subject to change or withdrawal without prior notice, 
Products you acquire may net be counted under any existing 
Volume Purchase Agreement. The same offerings und pral- 
ucts may be available through (BM Authorized Remarketcr, 
Wemarketer prices may vary. Shipping and handling charges 
are extra. ** [BM Credit Lease prices are quoted for 36-month 
terms, Lease rates quoted are good through L/1/91 after 
which time rate» are subject to change without notice. Lease 
available to qualified commercial customers only. L Copies of 
warranty and 30-day moneyhack guarantee information avail- 
able through IBM amd IBM Authorized Dealers Pleas: call 

| 800 426-2908 for details reganling IBM's moneyback guar- 
antee and limited warranty. 2, At no additional charge during 
warranty period. Onsite service available Monday-Fridus Sam- 
Spm in your time zone. APPLIES TO IBM DIRECT SALES 
ONIN. А 1 pgradable with Intel future OverDrive processor 
baset on lentium technology, IBM, HelpCenter, HelpWare. 
and ThinkPad are registered trademarks and Маем, 
Mwave, PhoneFX, Soft Select and WitidSurfer are trademarks 
of International Business Machines Corporation. PC Dinvet is 
a trademark of Ziff Communications Company asd is used by 
IBM under license, All other brands ur product names аге 
registered trademarks. trademurko or service marks of their 
respective holders, 

©1003 International Business Machines Corporation, 


IBM PC Direct 
We're putting the personal 
in personal computing. 
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Il the horsepower in the world is worth- | processor doesn't make much difference. 

less if you can’t make the most of it. Which is why when our engineers built 

And the same is true when it comes to | the all-new Compaq Deskpro XE, every sub- 
computers, Performance is determined a system was designed to provide the highest 


not only by the chip, but by the computer ки overall system performance. 


around the chip. After all, if the subsys- ES 7 eS QVision Local Bus Graphics, for exam- 
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QU 
tems slow you down, having a powerful олса ЖӨ ple, offers blink-of-an-eye performance. 
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4+865X/ 33, 386DN2/50, 38613x2/66, 60MM Pentium * 486 models upgradeabk: to Pentium technology * QVision local bus graphics with IMB УКАМ + Enhanced 
Business Audio * Most 386 systems Energy Star compliant + Plug and play reads + 170MB to 525MB Hard Drives © 4MB or SMB standard RAM (upgradcabk: to 
32MB оп 486, 136МВ on Pentium) * 4 15А slots (ane reserve) * 3 drive bays + 64K or 256K optional cache * Free 3-year warranty* ¢ Free 7x24 phone support 


= = 
€ 
e. 
X 
H 


New hard drives clock in with lightning-like seck 
times. And all the new Deskpro XE models offer 
second-level cache options. 

For the ultimate in performance, however, we 
introduce the Deskpro XE with the Pentium pro- 
cessor. Compaq-designed TriFlex/PC Architecture 
optimizes the tremendous power of the Pentium 
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chip, delivering significantly improved overall 
system performance. All at a price that you will 
find equally impressive. 

For complete information on the new Deskpro 
XE computers, just call us at 1-800-345-1518. And 
discover why even when they have the same pro- 
cessor, other computers just aren’t up to speed. 


© 1993 Compaq Computer Corporation, All Rights Reserved, Compaq Registered U.S, Patent and Trademark Office. Deskpro is а registered trademark of Compaq 
Conwputer Corporation, QVision, Tri lex, Enhanced Business Audio are trademarks of Compaq Computer Corporation, Porsche and the shape of the Porsche 911 are 
trademarks of Юг, Ing, h.c.F. Porsche AG, Used by permission of Porsche Cars North America, Inc. “Certain restrictions and exclusions apply. For further details on our 
limited warranty, contact the Compaq Customer Support Center, Pentium агхі the Inte! Inside logo are registered trademarks of the Intel Corporation. 
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News & Views 


WINDOWS 
Chicago Enters Beta Testing....... 18 


Microsoft is working on a new version 
of Windows that takes several steps 
toward rivaling IBM's OS/2. 


INTEROPERABILITY 


Apple Provides PC on a Mac....... 19 


Apple's new card lets you run DOS and 
Windows applications and cut and paste 
among your Mac and PC programs. 


DISPLAY TECHNOLOGY 


Competition for Active Matrix .....24 
The first commercial cold cathode field 
emission displays, which may compete 
with active-matrix screens, could show 
up this year. 


BUSINESS SOFTWARE 


Graphics Gets Down to Basics.....28 
Though not as powerful as full-featured 
drawing programs, programs like Visio 
and SnapGrafx make it easy to generate 
professional graphics for business. 


PROGRAMMING 


A Giant Leap for Borland C++.....32 
Borland now has the best C++ 
environment, but just barely. 


CD-ROM DRIVES 


Speedy CDs Improve Video 
Репотпапсе...................... mx 
Toshiba and others are developing new 
CD-ROM players to improve thc 
performance of video playback on 
multimedia computers. 


REMOTE ACCESS 


Remote Control Gets Redirected ....40 
Several programs offer an inexpensive, 
though less capable, alternative to 
dedicated hardware/software solutions 
for remote LAN access. 


EUROPEAN 
COMMUNICATIONS 

Falling Prices Boost ISDN...... ....40 
The falling prices of ISDN in Europe 
may spark growth in telecomm and 
videoteleconferencing applications. 


NEW PRODUCTS 


What's New ...................... 204 
A desktop unit that faxes, prints, copies, 
and scans; a wireless device that 
coexists with your mouse; software that 
learns from experience; and more. 
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BYTE Contents by Platform 


This page presents the articles in this is- 
sue according to their subject's relevant 
computing platform. 


DOS/WINDOWS 


Chicago Enters Beta 
Testing .................. .......18 


Microsoft is developing a new version 
of Windows that may rival OS/2. 


Apple Provides PC 
on a Мас.......................19 


If you're using PC software but what 
you really want is a Mac, Apple has a 
new solution for you. 


Graphics Gets Down 
to Ваѕісѕ.......................28 


New software marks a trend toward 
quick and easy drawing tools. 


A Giant Leap for 
Borland б++...................32 


Borland's new version 4.0 for Windows 
includes an advanced compiler and 
quick development utilities. 


LapLink Cuts the Cable.......32 


Radio transmission technology and new 
software lets you send files between PCs 
without wires. 


Speedy CDs Improve Video 
Performance .............. ....36 


New drives and discs will mean zippier 
multimedia performance. 


M1 Challenges Pentium ......83 


A new Cyrix processor will give users 
another choice in high-performance 
80x86-compatible systems. 


Special Report: Advanced 
Operating Systems ...........113 


Understanding the architectural differ- 
ences of these new systems will help 
you decide which one's right for you. 


Paths to Platform 
Independence ................172 
If you're building an application for 
Windows, OS/2, the Mac, and X, you'd 
do well to consider one of these toolkits. 


NT Programming’s 
Early Leader..................189 


Microsoft's Visual С++ 32-bit Edition, 
our reviewer finds, delivers effective 
tools for Windows NT programming 
and easy ways to port existing 16-bit 
Windows applications. 


Lab Report: 70 Color 
Monitors......................202 
Looking for a display that can handle 
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demanding graphics? We tested and 
picked the best for different applica- 
tions. 


Some Assembly Required: 
Subclassing in OLE 2.0......237 


A developer looks at the Component 
Object Model of OLE. 


Beyond DOS: Wide-Area 
Windows Networking ........227 


Jon Udell dives into the web of Win- 
dows and WANs. 


05/2 


1993 BYTE Awards ...........46 


We rank OS/2 2.1 as one of the most ex- 
cellent products of 1993. 


Special Report: Advanced 
Operating Systems ...........113 


IBM's WorkPiace OS is one of the next- 
generation environments you'll be 
choosing from in the near future. 


Paths to Platform 
Independence ................172 


This roundup reviews toolkits for devel- 
oping applications that run under OS/2, 
Windows, Mac, and X. 


Apple Provides PC on a 


With a new board that plugs inside a 
Mac, you can toggle into the world of 
DOS and Windows software. 


1993 BYTE Awards ...........45 
The Quadra 840A V, PowerPC chip, and 
Newton technology stand out as out- 
standing developments of the past year. 


Special Report: Advanced 
Operating Systems...........113 


As Taligent and other environments ar- 
rive on the scene, you'll have to decide 
which is right for you. To help you, we 
provide an in-depth look at their archi- 

tectural differences. 


Paths to Platform 


Independence ................ 172 


If you're looking to develop software 
that runs on the Mac, as well as Win- 
dows and OS/2 PCs, as well as X desk- 
tops, you need one of these toolkits. 


Opening Night for 

Premiere 3.0 .................179 
Adobe improves its multimedia editing 
suite with a streamlined interface, more 
audio and video tracks, and ways to 
fine-tune images. 


New Mac Blazes Technology 
(Oo ——— ‚...197 


The Quadra 840АУ offers built-in video 
ЏО, voice recognition, and a text-to- 
speech engine. 


Lab Report: 70 Color 
Monitors......................202 
If you're looking for a new display, this 
report will point you toward the one 
that's right for you. 


Novell Opens Unix.............36 
Big Red is turning the Unix trademark 
over to X/Open, which could be another 
step toward unification. 


RISC Grows Up ................91 
New processors from DEC, Sun, and 
others will mean less-expensive systems 
that don't skimp on performance. 


Special Report: Advanced 
Operating Systems...........113 
In this series, we present the architectur- 


al differences between the new operat- 
ing environments. 


Paths to Platform 
Independence ................172 
If you're working on an X/Motif appli- 
cation that you also want to port to 
OS/2, Windows, and the Mac, you can 
save yourself major grief by using one 
of these cross-platform development 
toolkits. 


Digital-Media Power.........183 


Silicon Graphics’ new workstation is 
built to effectively handle digital im- 
ages, including video, without busting 
your budget. 


Remote Control Gets 
Redirected.....................40 


If you need to access data on a remote 
PC or LAN, you've got a choice of new 
programs that can help. 


Beyond DOS: Wide-Area 
Windows Networking ........227 
Can Windows networks be wide-area 
networks? Microsoft is now trying to 
answer that question in several different 
ways. 


Pournelle: Travels and 
Travalls.......................243 
The good news at Chaos Manor: the 
Novell Net server is up and running. Jer- 
ry also reports on Windows for Work- 
groups; “it does have limits." he finds, 
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й only 49¢ per megabyte to store databases, CAD 


20 - 186 Gigabytes 
of Centralized Storage 


Pinnacle introduces a new line of high capacity Novell® 
Network Storage Systems that provide lightning fast, 
reliable on-line storage. PC Network by combining access to standard Novell® volumes and 


Pinnacle’s new Optical Hard Drive Library Systems Novell's” Media Monager. With support for Novell’s® 


се Рр data migration ond sophisticated caching algorithms, 


, Storoge System 20-18668 j 


range from 20-186 gigabytes and perform at 


hard drive speeds at a fraction af the cost. That's your data can be accessed quickly and efficiently. 
Pinnacle’s Optical Library Systems provide a nucleus 
files, images or back-ups on a centralized storage for your network, improving office productivity 
system which can be accessed by any user on and communication. 
the network. 


Pinnacle's unique Virtual File System (NLM) allows each 


Pinnacle's optical solutions will help you manage gigabytes 


| of data into the future. For further information call: 
Мема 
Tesied and 


Optical Library System to act as one large hard drive — 5 800.553.7070 
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Upgrades : Wave Gloster & 
Advanced Signal Processor 
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Pat RE ad dun á нь кэй с Йыш GE, Batons | | 
1 Dente vh irr О IC ; i BLS H ed tomy 
VoicsAssist, Speech е" 
Recognition System | 


NOW THERE'S A 16-BIT SOUND BLASTER 
FOR EVERY APPLICATION AND BUDGET...AND NO MORE 
EXCUSES FOR OWNING ANYTHING LESS. 


Every day, more people buy Sound Blasters than ing for 16-bit performance, but an 8-bit price. 
any other PC audio card. Except for a few of 90 our new Sound Blaster 16 Basic offers the 
you, who keep putting off that all-important same great hardware as our premium models. 
Sound Blaster" decision. You know who you are. But ina $199.95" no-frills package that's perfect 
Well, our new line will make you a true believer. — for the first-time 16-bit user. 
SOUND BLASTER 16 BASIC: SOUND BLASTER 16 MULTICD: 
MORE VALUE. MORE CD-ROM OPTIONS. 


For instance, some of you told us you were look- ^ Perhaps you'd bought another manufacturer's 


a p 5. E Creative Labs 1-800-998-5227 or 1-408-428-6600. International inquiries; Creative Technology Ltd., Singapore, TEL 65-773-0233 
Mer metre РАХ 65773-0853. Sound Blaster, Creative VoiceAssist, Wave Blaster and the Sound Blaster and Creative logos are trademarks of Creative Technology Ltd. 


CD-ROM drive. Probably an oversight, we 
know, but that’s no longer an excuse to deny 
yourself the finest in PC audio. 

Just plug in a Sound Blaster 16 MultiCD. 
Its format is 100% compatible with best-selling 


drives from Sony, Mitsumi and Panasonic. 
The Sound Blaster 16 
: MultiCD can even run 
Creatt ; ; 
TCR two different drives at 


ощ the same time. Which only 
microphone provides voice- 


seein Pore makes sense, considering 
CD and SCSI-2 packages. our $249.95" price will save 
you enough money to buy the second one. 
SOUND BLASTER 16 SCSI-2: 
MORE SCSI COMPATIBILITY. 
Maybe you were waiting for a full-featured SCSI 
interface. Well, wait no longer. 

As the name implies, our Sound Blaster 16 
SCSI-2 meets the new, more comprehensive gen- 
eration 2 SCSI standards. Others don't. 

And our card runs the complete 


and get your Sound Blaster 16, 
upgrading to Wave Blaster" 
Sampled Wave Synthesis (cour- 
tesy of the MIDI wizards at 
E-mu)orourown 4m 
Advanced MP 
signal Processing option 
(a Creative Labs exclusive) |, 
is literally as easy as 
adding a daughter board 
or plugging in a chip. 
JUST WHEN YOU THOUGHT YOU'D 
HEARD EVERYTHING... 

Along comes Sound Blaster 16. The no-more- 
excuses sound card. Exactly what you'd expect 
from Creative Labs, developers of the industry 
standard 16-bit audio platform. 

For more information and the name of your 
nearest Creative Labs dealer, call 1-800-998-5227. 


Boost CPU efficiency 
by up to 65% with 
ап Advanced Signal 
Processing upgrade. 


€ 
"ck EP 
and soundtracks to 
Sampled Wave Synthesis 
with a Wave Blaster 
daughter board. 


Sound Hinsicr 16 
Минер 


Sound Blaster 18 
Basic Edition 


Sound Blaster 16 
SCSl-2 


: : Format 16-bit stereo : 1602 stereo 16-bit stereo 
battery of SCSI peripherals, not just CD- а i 
Tu Processing Yes i Yes Yes 
ROM. Best of all, it includes one of the —  uvesésemy z 
: H 
most comprehensive software bundles — essem т kä m 
in the business and does it for a remark- co-RoMcompatiinty Creative Labs /Panasonic I аЛ uc да 
able $279.95. on | — — 
TRUE “PLUG & PLAY” Bundled Software Monologue for Windows | Software T | Tooiworks 
E ia ıa Encyclopedia 
UPGRADABILITY. era сами [MEE mr 
: / Cte Mosa ne WaveStucio”” — Cei WeveStugo ы 
Speaking of things other cards can’t . imaweSougclt Семе Soundo'LE 
à i Creative Talking Talking Scheduler : DADA Tang МШЕ 
do, our unique scalable platform lets Gea VoteAsist £ Greative осела 
you add advanced options as you баада | $190.95 TT 27а 
i 
need them. W/Advanced : : 
Signal Processing Not applicable : $329.95 


50 once you stop making excuses 


$299.95 


Soundi” THE 16-BIT SOUND STANDARD. CREATIVE” 


CREATIVE LABS, INC. 


All other trademarks are the property of their respective holders. © Copyright 1993 Creative ا‎ r a Ltd. Al! rights reserved."SRP. Note: Sound Blaster 16 MultiCD works with 
Sony CDU31A; Mitsumi CRMC-LU005 and -FX001; and Creative Labs / Panasonic CR-523 and -563 
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Power Personal Systems 


Will IBM set the 
standard for the 
next generation 

of desktop systems 
with its new line 

of PowerPCs? 


The IBM folks at the Power Personal Systems Division 
are up to some pretty interesting things. As the name 
suggests, the division will make systems based on the 
PowerPC chip, which IBM codeveloped with Motorola 
and Apple. The RISC-based PowerPC chip consumes 
less power, generates less heat, runs up to five times 
faster, and costs much less than an Intel Pentium. 

Although final systems won't be available until about 
midyear, IBM recently showed me several prototypes 
and talked about its plans. [п a nutshell, the prototypes 
were hot (in the “way-cool” sense) and the plans are, 
well, visionary. 

What I saw was a desktop system using a 66-MHz 
PowerPC 601 running IBM's "personal" AIX (a scaled- 
down implementation of IBM's Unix) in an unconven- 
tional way. It was surprising to see the first PowerPC 
system running SunSelect's Wabi (Windows Applica- 
tion Binary Interface) running on top of AIX and Mi- 
crosoft Excel on top of that. In fact, it looked more like a 
Windows system than a Unix system. 

To make the demonstration even morc interesting. it 
was blazingly fast, though we have not done any bench- 
mark tests yet. However, I’ve seen a lot of spreadsheets 
run on just about every kind of system you can imagine, 
and what I saw on the PowerPC was the fastest yet. 

[п other words, without the benefit of, say, Windows 
NT and applications software compiled in native code, the 
IBM PowerPC system promises to run Windows soft- 
ware faster than anything else. Given the dominance of 
the Windows installed base, being the fastest Windows 
machine is a good place to start. 

On the lower end, IBM showed off an "ergonomic" 
desktop system that had a flat-panel display on an eye- 
level stand. The system unit box was too small for tradi- 
tional plug-in adapter cards, but it had several PCMCIA 
slots instead. The ergonomic desktop was based on the 
somewhat slower PowerPC 603. 

IBM also had a nonworking slim notebook prototype 
based on the PowerPC 603. Its low-power design makes 
the 603 chip ideally suited for portables. In contrast. the 
only Pentium-based portable announced, the Dolch PAC- 
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586, consumes so much power and gets so hot that it 
must use а liquid cooling device on the chip. 

For added measure, the prototype I saw also had a 
built-in CD-ROM player beneath the keyboard. Even 
more impressive was the video camera built just above the 
display. The camera was complete with a sensor so that, 
according to IBM, the computer would know when you 
leave and could power itself down. 

Other goodies on the portable prototype included stereo 
speakers and a microphone. All of this would add to the 
price if IBM had to incorporate digital-signal-process- 
ing hardware for all those devices. However, IBM says it 
will let the PowerPC chip do all the work, and that makes 
a lot of sense. 

Because no additional hardware is required, IBM's 
PowerPC portables can incorporate speech-to-text soft- 
ware inexpensively. IBM already has its Personal Dic- 
tation System software, and the PowerPC could easily 
handle that program. Add to that IBM's ambitious plans 
to eventually incorporate its speech-parsing technology 
so that software speech "agents" can understand your 
commands and do tasks for you. I call those plans "am- 
bitious" because IBM has not yet demonstrated its agent 
technology; when it does, BYTE will tell you about it. 

Perhaps even more ambitious are [BM’s plans to work 
with software vendors to port Windows NT. Solaris, 
Workplace OS, and Taligent to its PowerPC platforms. 
And IBM is sharing the architecture of its systems so 
that other vendors will make PowerPC systems, too. 

The first IBM PC became a standard by happenstance. 
Yet that standard has been the basis of the computer in- 
dustry for the last 10 years. Now, IBM has created a new 
box for everyone to copy, and this time IBM is encour- 
aging third-party manufacturers to do so. That's why I call 
IBM's plans visionary. 

IBM seems to have learned from the past. The original 
IBM PC succeeded only in part because it carried the 
IBM name. The greater part of its success was owed to its 
open architecture, which fueled competition and created 
de facto standards that, in turn, created a market bigger 
than anyone would have dreamed. 

My bet is that IBM's Power Personal Systems will 
have an impact as great as that of the original IBM PC. 


DENNIS ALLEN, EDITOR IN CHIEF 
(dallen@bix.com) 


THE EASIEST-TO-USE WINDOWS SPREADSHEET 


What Lotus doesn't want you to 
now about new Quatiro Pro 5.0 


Shhhhh! Lotus has a secret they Now we'll let you in on our little 


You yel mope! don’t want anyone to know. secret. We want every Lotus user to 
| E : | 
Quattro® Pro consistently ranks try Quattro Pro, so we are making 


Quattro Pro 5.0 Lotus 1-2-3 R4 | as the #1 spreadsheet in virtually incredible introductory offers on 
1. "Experts" that do sophisticat- 1. Not! every head-to-head comparison all new versions of Quattro Pro. 


ed tasks (like statistical analysis) with both 1-2-3 and Excel. Take Sorry, Lotus, the secret is out. 


dm PC Week's September review p == mem mem Д0 


2. Interactive tutorials that teach 
you by using your own data 


where Quattro Pro beat 1-2-3 in 
four out of five categories. Or PC 


E» л” 


s. 


3. Complete documentation 


available online Magazine's annual customer satis- мама ES Quattro Pro 
А T ` Quattro Pro Introductory offer for 

4. Improv-like crosstabs and faction study where “Lotus lost 7 me Windows or DOS versions 
data modeling tools built in the crown for overall satisfaction Bl -LLL m 

Рр : grae. es 
5. Built-in workgroup | to both the DOS and Windows EL 5005 
information sharing with any ; »» = 
network or E-mail system NERY Cl P Мр a. | | wo Quattro Pro 
6. Analytical graphs to find Quattro Pro keeps winning | M Pro Workgroup Edition 
trends in your data because it has more power, more ш Де Competitive Upgrade price 


7. Over 360 Gfunctions—more analysis tools, and is easier to 90-day, money-back guarantee! 
than any other spreadsheet learn and use. And now there : 


8. Integrated user interface are three brand new versions of | See your dealer or call now, 
ierauga о Quattro Pro 5.0 (Windows, DOS, Ё 1-800-336-6464, ext. 7672 


and Workgroup Edition) that are } In Canada call, 1-800-461-3327. | 


ities not found in Lotus 1-2-3 for Borland 


Windows Release 4. Power made easy” 


*Offer good for owners of Lotus 1-2-3 or Excel; Quattro Pro owners get an additional $20 off. Copyright © 1993 Borland Intemational, Inc. All rights reserved. All Borland product names are trademarks of 
Borland International, Inc. Offer good in the United States and Canada only. All prices in U.S, dollars. Dealer prices may vary. B] 6293 
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9. Complete slide show 9. Not! 
capabilities built in, including even.better. The chart shows you 


Mucio how Quattro Pro's Workgroup 
10. Database forms that let you 10. Nor! Edition offers you built-in capabil- | 


manage data without having pre- 
vious database experience 
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EE Line 


The DIGIS-486EL EDRAM System combine Intel's 
highest speed 486 microprocessors running at 25, 33, 


50 or 66 MHz clock rates with up to 32 MBytes of 15 ns 15 ns EDRAM With 
EDRAM with Quickcache™ to achieve the highest Quickcache™ 
benchmarks of performance available. The Mother board 

For DIGIS-486EL System 


e Intel 486SX 25, 33, 486DX 25, 33, 
486DX2 50 or 66MHz Microprocessor 
س‎ e Ready For Future Pentium™ Class CPU 


Green Function 
Meet American E.P.A. 
Energy Star Standards 


——— Up To 3 MBytes Of 15 ns EDRAM 
Анн ا‎ OPTi 495SLC Chipset With Quickcache™ — 
| „ Ready For Demands Of Multitasking 
е 3x VES А EDRAM control logic Operating Systems 
— 486 PQFP CPU e 3 High Speed VESA VL-Bus I/O Slots 
OverDrive e 8 ISA Bus I/O Slots 
socket Optional „ AMI BIOS 
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EDRAM Main Memory 
Reduces Memory Size, 
Power, and Cost While 
Increasing System 
Performance 


DIGIS-486EL System 4MB SIMM module 


8MB SIMM module 


We Don’t Waste Cache 
With SRAM. Because 
We Add Quickcache™ 
Board 


Look for the 
Intel inside® symbol 
on our quality 
computer systems 


Dramatic Performance nw P" The 486EL System running clock doubled at 50 MHz 
Improvements On All Applications’ (486DX2-50) even achieves better benchmark performance 


DIGIS-486EL with Intel 486DX2-50 CPU Performance Results than a 486DX-50 microprocessor with a standard SRAM 
РС Labs Byte Dos PC Labs cache plus DRAM memory subsystem. 
Es ria Га P des udo жыз jhe So let Digicom help your next product to succeed. Call 
peso cm) today for more information 
486 with 4MB DRAM | 
[Mem [. jas — [L ]oe [__} 2666.89 
486 with 4MB DRAM т р бә EUROPE ASIA USA 
256K Cache DIGICOM — OAM AMERICAN 
EUROPE B.V. DIGICOM CORP. 
oco -—— -— u-—— conor mau ROE 
EDRAM = ва 6G RIDDERKERK — PADCHAOROAD, 1233 MIDAS WAY 
RLANDS HSIN-TIEN CITY, TAIPEI COUNTY 
€—— € EET y 1.5 O [> кый a DIGI bi wA IM, ADE SSAA 
IGICOM Ta 31000-11088 раан FAX. 408-245-1584 
Tha Intel Inside Logo is a trademark of intel Corporation TEL: 408-245-1580 


Circle 127 on Inquiry Card. 


Personal Digital Assistants 


] read with interest and fascination the ex- 
cellent article on PDAs (“PDAs Arrive 
But Aren’t Quite Here Yet,” October 1993) 
written by Tom Halfhill. At the 
same time, I confess I was 
somewhat irritated by the ab- DA 
sence of any reference to Psion. | 
Psion has manufactured and 
sold well over 1 million hand- W 
held/palmtop computers, which 9e 
is superior to many of the other 
companies you cited. 

One area of your comparison Ж 
table where we strongly ally 
Hewlett-Packard is in the use 
of pen as an input device. It will be inter- 
esting to see which way the market jumps. 
Psion's view is that the pen is wholly in- 
appropriate as an input device in the con- 
sumer sector. Today's pen technology can- 
not deliver the level of performance or 
satisfaction that an "early majority" cus- 
tomer demands. We shall see. 

David Elder 
President, Psion, Inc. 
Concord, MA 


Our story was about PDAs and was not 
intended to be a general survey of widely 
known PDA-like devices. Of course, you 
may disagree with our definition of a 
PDA. But we believe pens are already as 
good as miniature QWERTY keyboards 
for typical PDA functions—and pen in- 
terfaces are rapidly evolving, while key- 
boards are not. — Еа. 


I want to talk to my Newton. As a loyal 
Apple consumer, I bought a MessagePad 
only to take it back two days later be- 
cause it failed to live up to the Sculley 
promise of an easy-to-operate, do-it-all 
assistant. But if Apple could merge the 
Intelligent architecture of handwriting 
recognition and communications with 
the voice recognition of Mac AVs, Га 
want to be put on the beta-user list. Per- 
haps Apple could accomplish this by de- 
creasing the size of the DSP it uses for 
voice in Mac AVs to fit in the Mes- 
sagePad. Imagine picking up your New- 
ton and saying, "Newton, take a memo, 
blah, blah, blah. Newton, fax a memo to 
Mr. X." If the MessagePad could accom- 
plish these commands wirelessly, it 
would be a true personal digital assis- 
tant. 


William Bartee 
Norman, OK 
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Visual Basic 


I really enjoyed your article “BASIC Win- 
dows Programming" (October 1993). 
However, your inference that Visual Basic 
3.0 does not support Paradox 
IP Wy tables is incorrect. I, too, spent 
many hours attempting to con- 
nect a Paradox table without 
success. The problem is a typo 
| (or omission) in the provided 
Z| documentation. The answer is 
| in the VB.INI file under the "In- 
stallable ISAMs” section. The 
| line that refers to Paradox tells 
you to enter the characters left 
of the equals sign as the con- 
nect property of the data control. You then 
simply follow the rest of the instructions, 
and your Paradox tables will work with 
Visual Basic 3.0 as described. 
Gregory K. Grieb 
Allentown, PA 


Keeping Time 


Michael Lombardi's article 
"Keeping Time on Your PC" 
(October 1993) was interesting, 
although I believe this quest for 
the most exacting universal 
time is only worthy of Don 
Quixote. I understand the need 
for precision, but I also under- 
stand the inherent relative na- 
ture of time, which is why I keep all the 
computers in time synchronization on my 
IBM LAN Server networks by running a 
REXX program on the domain controllers 
as an AT job. The nodes are brought into 
time synchronization when employees log 
on to the LAN. Because all applications 
are networked, employees cannot do any 
business-related work until they log on. 
As for my home computer, since I cannot 
watch T V and code at the same time, to 
give or take a couple of minutes doesn't 
matter. 


Kenneth Reiss 
Passaic, NJ 


Worried 


In *The State of Multimedia" (October 
1993), Jerry Pournelle hit it right on the 
head when he said, "students will always 
be successful if you redefine success.” Un- 
fortunately, this isn't a problem that af- 
fects only multimedia usage in schools. 


It's affecting the core of our society, and 
I’m worried. 


Robert Plaza 
Houston, TX 


The Battle of the Software Bulge Continues 


I have a big 486 with many bells and whis- 
tles—including one of the best video cards, 
a caching disk controller, 8 MB of mem- 
ory—and I've run into a performance bar- 
rier. Quattro Pro for Windows crawls, 
WordPerfect for Windows will barely fit 
(by itself), and Paradox for Windows 
crashes my machine. 1 almost threw my 
computer out the window when it took 12 
minutes for Excel 4.0 to add a single col- 
umn to one of my spreadsheets. 

Instead, I decided to ditch my software. 
I reinstalled old DOS favorites like Word- 
Perfect 5.1, Quattro Pro 4.0, SuperCalc, 
and the new Paradox 4.0. On a big 486, 
my applications fly, and I can still use 
Windows as a task switcher. 
My software may not have fan- 
| cy features like DDE and OLE. 
But I'm getting work done! 


Charles Ramcharan 
North York, Ontario, Canada 


| Fixes 


The November 1993 article 
“Get Your Kicks with Switched 
56” might be misleading about the com- 
patibility between ISDN and 2-wire Data- 
path. You can communicate among ISDN, 
Datapath, and Switched 56 4-wire services. 
At the equipment level, however, these 
technologies are not interchangeable. 


In “Ease of Use Is Relative” (October 
1993), we incorrectly identified the vendor 
of Pensil. The company is First Pen Sys- 
tems, Inc., and Pensil is a native PenPoint 
object editor, not a C development tool. 


On page 222 of the October 1993 issue, 
Jerry Pournelle stated that the Chinon drive 
he purchased was made by Toshiba. How- 
ever, the entire line of Chinon CD-ROM 
drives has always been made (from design 
to manufacture) entirely by Chinon, Ш 
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You Can Play Around 
With Windows NT On Another 
Microprocessor. 


Putting Imagination 


T 


Digital Equipment Corporation, 1993: The DIGITAL Logo and Alpha AXP are trademarks of Digital Equipment Corporation. Windows and Wanton NT are traden art 
486 and Pentium are trademarks of Ке! Corporation. PowerPC is a trademark of IBM. | 
Y 
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Now Imagine Letting 

NT M. On Alpha AXP. 
х You're going to blaze some new trails with 
m # the mainframe power of Windows NT." 


: Don't compromise it. Run it on the fastest 
vehicle you can get—an Alpha AXP™ microprocessor. 
Choose from a family of fast server microprocessors 
with performance as high as 170 SPECInt, more 
than twice that of Pentium" or PowerPC "—and 
priced to compete. Or choose from low-cost desktop 
PC microprocessors with prices that start below an 
1486:" Alpha AXP runs Windows NT with thundering 
speed, as well as your 
existing DOS/Windows " 
applications. And thats 


! a d m 


just the beginning of a | 


long-term architecture 


based on a scalable 
RISC design and standards like the PCI local bus. 
Mm Available to any PC maker— from us now, and in 
| 1994 from our second source Mitsubishi Electric 
Corp. The decision with Windows NT is simple. 
On other microprocessors, it runs. On 
Alpha AXP it flies. Which way would you 
rather cover new ground? Call your 
PC maker and ask about the Alpha AXP 
family. Or call us at 1-800-332-2717— 
and kick start your future. 


ews &View 


WINDOWS 


Chicago Enters 
Beta lesting 


Early reports indicate that the next version of Windows is an evolutionary step up from 


Windows for Workgroups 3.11 


BY DAVE ANDREWS 


This month marks the tenth anniversary of the now- 
famous one-time commercial that Apple ran during the 
Super Bow] to introduce its new Macintosh computer to 
the world. Ten years later, Microsoft has entered beta 
testing on anew version of Windows (commonly referred 
to as Windows Chicago) that only now catches up to fea- 
tures that have been present for years in the Mac OS. 


The market success of Win- 
dows 3.1 is undeniable: The 
Software Publishers Associa- 
tion says that in 1992, North 
American sales of Windows 
accounted for $1.93 billion, 
compared to the Mac’s $990 
million. Yet in terms of built- 
in support for networking and 
plug-and-play configuration, 
the Mac OS has often led 
where Windows eventually 
followed. The next version of 
Windows will attempt to rem- 
edy this situation, but it will 
find strong competition on the 
Intel architecture from IBM’s 
OS/2 2.1, which has been 
shipping since June 1993. 

In December, Microsoft 
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will call it Windows 4.0.) This 
next version of Windows is not 
expected to ship until some- 
time during the first half of this 
year at the earliest. 

Microsoft will position Chi- 
cago as a universal client that 
will offer preemptive multi- 
tasking, plug-and-play identi- 
fication and configuration of 
system-board devices, the 
Win32S subsystem, Video for 
Windows, OLE 2.0, a new in- 
terface, the full MAPI (Mes- 
saging API) 1.0 subsystem, 
filenames longer than the “8.3” 
format, and better integration 
with NetWare. The big ques- 
tion—Can the company do all 
this in an operating system 
targeted at a 386 or 486 sys- 
tem with as little as 4 MB of 
RAM?—will have to wait un- 
til the company releases this 
product. Furthermore, whether 
Chicago provides a dramatic 
improvement as a platform for 
running Windows 3.1 and DOS 
applications will also have to 
be determined later. 

“The bottom line is that a 
very large set of services [now 
available in Windows NT] will 


was expected to release the first 
development kits to program- 
mers who want to get an early 
start on developing Windows 
Chicago applications. (The ver- 
sion number has not been of- 
ficially decided on, although 
industry insiders say Microsoft 


be implemented in the next ver- 
sion of Windows," says Jeff 
Thiel, product manager of 
Windows marketing at Mi- 
crosoft. “But if you're looking 
for a production application 
server, you're probably going 
to want to use NT." The design 


WINDOWS/CHICAGO HIGHLIGHTS 


Plug-and-Play: Chicago will include the Plug-and-Play BIOS, bringing the operating system closer to putting 
an end to the “DIP-switch blues" once and for all for users of new ISA cards. Supports automatic installation 
and configuration of add-on devices. Notebooks will automatically reconfigure themselves when removed from 
a docking station. Microsoft and IBM will likely cooperate on adding Plug-and-Play for Micro Channel cards 
under Windows. Plug-and-play EISA cards will also be supported. 


Preemptive: Microsoft says Win32 programs running in Chicago will be able to preemptively multitask, 
meaning a task can interrupt a task with a lower priority instead of waiting for the lower-priority task to finish. 


New interface: Alpha testers report the File Manager and Program Manager are now combined and the new 
interface incorporates features of the Mac, 0S/2, and X Window System. 


Win32S: Allows 32-bit applications to run on Windows 3.1, Chicago, and Windows NT. 


МАРІ 1.0: Originally slated for release in the third quarter of 1993. Allows replaceable directory service 
providers. 


Better networking: Built-in support for peer-to-peer networking. Better integration with NetWare, thanks to 
Microsoft's own NetWare redirector, a 32-bit protected-mode driver that reduces the conventional memory 
footprint. Support for IPX lets Windows workstations communicate on either side of an IPX router. 


OLE 2.0 integration: OLE 2.0 programs will be able to pass information to the Windows shell, possibly allow- 
ing thumbnail images of documents. 


Enhanced-mode support only: No longer supports standard mode (won't run on 286-based PCs). 
TAPI support: Better integration of Windows to the phone system. 


point for Windows Chicago 
does indeed appear robust: Na- 
tive Win32 applications will be 
able to take advantage of the 
services that full-blown Win- 
dows NT applications can use, 
except for Unicode, security, 
and symmetric multiprocess- 
ing. Of course, Windows Chi- 
cago is specifically for the Intel 
80x86 platform as well. 

Thiel said that any services 
included in Windows Chicago 
that are not now included in 
Windows NT will be added to 
Microsoft's portable 32-bit op- 
erating system. "Windows NT 
remains the full superset," 
Thiel says. "Any deviations 
from that are temporary." This 
means NT will soon get a new 
interface. The interface in Win- 
dows Chicago is much more 
Mac-like and combines the File 
Manager and Program Manag- 
er so that program groups ac- 
tually map to real directories. 

One indication of the strate- 
gic importance that Microsoft 
is placing on this next version 
of Windows is the way the 
company is conducting its beta 
testing. Unlike Windows NT, 
in which Microsoft conducted 
an open beta-test program, Mi- 
crosoft is being very discreet 
with this project. "NT was a 
different platform. We had to 
build some momentum behind 
it," Thiel says. “Chicago is a 
very different situation. We 
have a huge installed base... we 
also have competition." 

Although Microsoft officials 
say you won't have to exit 
Windows to run DOS pro- 
grams, sources say the com- 
pany will sell the 32-bit ver- 
sion of DOS that will provide 
the foundation for Chicago as a 
stand-alone product. Many of 
the new features in Windows 
Chicago (e.g., the Video for 
Windows run time, Win32S, 
and OLE 2.0) are already here 
today. And Windows for Work- 
groups 3.11 has a 32-bit file 
system and 32-bit network card 
and transport drivers. 

Despite the revamped inter- 
face, it looks as though Win- 
dows Chicago represents a 
gradual evolution of an envi- 
ronment that will be judged in 
part by how well it competes 
with OS/2. 


INTEROPERABILITY 


Apple Provides PC оп а Мас 


A. has developed a 
board that offers the ulti- 
mate oxymoron of software 
and hardware: a Mac run- | | 
ning DOS programs. This | Sock 
feat is accomplished by | 
placing a 25-MHz 486SX 
processor, a Chips & Tech- 
nologies BIOS, a VGA chip | 
set, and some of Apple's | === 
custom ASICs (application- | =" 
specific ICs) on a 68040 | 
Processor Direct Slot plug- 
in board. The whole affair 
is dropped into a competi- 
tively priced Quadra 610, offering the best of 
both worlds on one system. 

The DOS card can have up to 32 MB of RAM 
on it, or it can share memory on the Mac's main 
logic board. At boot time, the board is scanned 
for RAM. If none is found, a user-determined 
amount of RAM on the main logic board is ded- 
icated to the DOS environment. Hardware trans- 
ceivers in a custom ASIC on the DOS card han- 
dle the endian byte-swapping required by the 
different processor architectures. À memory 
controller in this ASIC functions to keep the ad- 
dress spaces of the two environments separate. 
Also, the Mac's SuperDrive is mapped as A by 
the system. The MSCDEX extension is provid- 
ed so that, on a Quadra with a built-in CD-ROM 
drive, DOS can access DOS CD-ROMs. 

The PDS board operates independently of the 
Mac so that DOS/Windows applications can run 
concurrently with the Mac OS. However, Apple 
has taken its integration skills to fuse the two 
systems into one easy-to-use whole. For exam- 
ple, selecting a printer via the Mac Chooser au- 
tomatically selects the same printer for the DOS 
environment. DOS print commands are inter- 
cepted by the Mac OS and routed to the select- 
ed printer. For example, say you have a Hewlett- 
Packard printer connected to your Mac. You 
select the HP printer driver from the Chooser. 
Under DOS, you print an HPGL (Hewlett- 
Packard Graphics Language) graphic. The 
HPGL commands are redirected to the HP driv- 
er, which sends them to the printer. Running 
CorelDraw under Windows? No problem: Select 
a PostScript printer from the Chooser, switch 
back to CorelDraw, and print. For serial work, 
you can assign COMI to, say, the Mac's modem 
port and COM2 to its printer port. 

Switching between the Mac and DOS envi- 
ronments is easy. With a single monitor on the 
Mac, you press a user-selectable hot-key se- 
quence, which toggles you from the Mac Desk- 
top to a DOS screen. Pressing the same key se- 
quence again swaps you back. If the Mac has 


Apple DOS Board 


“ANNAN BAG кач 
68040 PDS card 


Apple's board handles the endian byte-swapping 
needed In the combined Intel/Motorola architecture. 


two monitors, you can pick 
which monitor shows the 
Mac Desktop, while the 
other displays the DOS/ 
Windows environment. 
Support for 14- and 16-inch 
VGA and Super VGA mon- 
itors is provided. 

DOS files are maintained 
inside a container file that 
has the structure and orga- 
nization of a DOS hard 
drive (a trick pioneered by 
Insignia Solutions’ PC em- 
ulator). However, Apple lets 
you “mount” this file as a Mac volume that you 
can double-click on to open and examine DOS 
files and subdirectories (i.e., folders). DOS file 
extensions can be mapped to the appropriate 
Mac applications, such as .XLS to Microsoft 
Excel and .DOC to Microsoft Word. With the 
file-extension mapping in place, double-clicking 
on a DOS file launches the corresponding Mac 
application. (Remember that many of today’s 
cross-platform applications use the same file 
format, so this little trick works transparently 
to the user.) Cutting and pasting between Win- 
dows and Mac applications is supported. 

You can configure the system to start DOS 
when the Mac boots or on user demand. When 
you shut the Mac down, the Mac OS checks to 
see if the DOS environment is active and will 
give you a warning to shut down DOS before 
proceeding. A single Control Panel lets you set 
up the DOS environment (e.g., its memory size 
and serial-port mapping). Not supported now 
аге NetWare operations and Sound Blaster I/O. 

Apple sees several target audiences for this 
product. First, the home office, where multiple 
users have different platform needs (e.g., the 
kids using Macs at school, the parents using 
DOS at the office). Second, the small office, 
where folks don't have an expert to maintain 
their systems, and they don't care to wrestle with 
the technology. At the same time, these folks 
might need to run several vertical DOS applica- 
tions. Finally, for training and education, where 
tight budgets require the most bang for the buck. 

The board will cost $500 without memory. 
MS-DOS 6.2 will be provided, along with util- 
ities like Double Space. A complete Quadra 610 
with a keyboard, a 14-inch monitor, 8 MB of 
RAM, a 160-MB hard drive, built-in Ethernet, 
and a DOS card should cost about $2000. Re- 
sellers might bundle Windows with the system. 
Ironically, the ability to run DOS or Windows 
applications on the Mac may be the ultimate 
Trojan horse that garners the Mac market share. 
—Tom Thompson 
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The new HP DeskJet 310 printer. 
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int It high-quality black 
Е в or color wherever’ 
7 xou want to work. 


| 

Hewlett-Packard presents the DeskJet 
printer that doesnt require a desk. 
The HP DeskJet 310 is small and light 
enough to let you print anywhere. At 
the office, at home or on the road. And : 
it gives you sharp, 300-dpi print quality, 
in black & white or color. 


The HP DeskJet 310 costs anly $379? 
yet it comes loaded with 84 typeface, . 
size and style combinations, along 

with a new lightweight, multi-voltage 
power adapter. It prints portrait and 
landscape on plain paper, transpar-  - 
encies or labels, and it uses HP’s own 
inkjet technology for clear, crisp out- 
put at up to three pages per minute., 


If that's not enough for you, a whole 
family of optional accessories is avail- 
able, including a color kit for just $49, 
and a multi-page sheet feeder for easier 
desktop printing. 


HP has managed to fit everything you .: 
could want into a little printer package. 
To see for yourself, look in the Yellow 
Pages, or call 1-800-552-8500, Ext. 

7858 for the name of the HP dealer 
nearest you 


DeskJet Printers 
Make it happen. 


U 


Suggested 115, list price, tin Canada call 
Ext. 7858. ©1993 Hewlett-Packard Company PEI 
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Buyers Flock to Better Notebook Displays 


On this chart, a StoreBoard ranking of the five top-selling portable PCs 
in units sold over a recent five-month period, a number of points 
are worth noting. First, it’s a surprise that any system with a color ac- 
tive-matrix display would rank here at all, as does the Compaq LTE Lite 
4/25C. Second, our survey is a small sign that major system vendors 
on the PC side are overcoming supply problems. Compaq is among 
these vendors, and the IBM ThinkPad 720C ranks in the top 10, al- 
though it is not listed here. The presence of three PowerBooks in 
the top five is no surprise, given the runner-up Readers' Choice 
award BYTE readers gave this line last spring. Infocorp analyst Kim 
Brown estimates that 2 million notebooks with dual-scan, passive-ma- 
trix displays will ship in the coming year — опе of them, the Contura, 


Product Basic laatures 


Introduction | introductony 


already leads the pack in sales. Passive-matrix screens should find 
continued competition from active-matrix screens. A report by Frost 
& Sullivan, noting that in June 1993 the U.S. Department of Commerce 
ended tariffs on imported active-matrix screens, predicts lower prices 
for active-matrix screens and fewer backlogs. 

Prices given are estimated street prices. For Apple, they range ac- 
cording to configuration. The “Possible features...” column repre- 
sents BYTE editors’ most reasonable presumptions as to what the next 
generation of these systems might offer, based on established vendor 
pattems and market pressures. (StoreBoard ranking information cour- 
tesy of Computer Intelligence-Infocorp of Santa Clara, California.) 

—Ed Perratore 


Possible features of 


Current price Notable leatures 


date price range range succeeding-generation model 


486SL-25 CPU, dual- 


Compaq Contura 4/25 3/8/93 $1999 Same Hibemation, auto- 48651-33 CPU, EasyPoint 
i scan monochrome VGA (120 MB) shutdown on low built-in trackball, active-matrix 
1 "е passive-matrix display, $2299 battery, fax modem, display standard, improved 
N 4 MB o! RAM, 120- or (209 MB) cellular data hookup docking station capabilities 
209-MB hard disk to Motorola or Nokia 
phones, three-year 
warranty 
Apple Macintosh Motorola 68030-33 10/19/92 ^ $4109-$4469 $2479-$2969 8-bit Apple Sound Modular system design, 
PowerBook 180 CPU, active-matrix Chip, security slot PCMCIA slots, rumored low- 
Г _ шалаа gray-scale display, 4 for third-party voltage Motorola 68040 CPU 
== MB of RAM, 80- or 120- locking devices, 
MB hard disk two-level keyboard 
tilt adjust, disability 
access, 68882-33 
math coprocessor 
Apple Macintosh Motorola 68030-25 10/19/92 $2429-$3149 Model 165: Same as Model 180 Next-generation model is 
PowerBook 160 CPU; STN gray-scale $1868-$2449 minus math PowerBook 165; with 33-MHz 
ur + display; 4 MB of RAM; coprocessor 68030 
ae = — = 40-, 80-, or 120-MB 
ce | 2 hard disk 
Compaq LTE Lite 4/25C ^ 486SL-25 CPU, active- 11/9/92 $4099 Same Standby up to 80 Decreased weight, 
= - matrix color, 209-MB (120 MB) hours, hardware/ multimedia features, 
hard disk $4399 software security, improved APM, greater 
(209 MB) hot keys for system — telecommunication options 
functions, three-year 
warranty 
Apple Macintosh Motorola 68030-33 2/9/93 $3219 $1969-$3179 RAM capacity of 24 Modular models, PCMCIA 
Powe CPU, STN gray-scale MB, 4.2-pound slots, and low-voltage 
3 display, 4 MB of RAM, weight, Duo Motorola 68040 CPU, or 
80- or 120-MB hard disk MiniDock option, up even PowerPC 603 


to 4' hours of 
battery life 
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It’s time for a truly objective discussion about 
application development. IBM’s System Object 
Model (SOM) (currently shipping with OS/2® 2.1) | 


is a language-neutral mechanism for 
ing d a 
Har Wer ПЕ] Ore. 


developing object-oriented class 
libraries. Together with our new 
| i Mohjects tools let you take full advantage 
— of the object-structured protocol of SOM—applications 


IBM SOMobjects™ D 


can access and use objects and object definitions regardless a 


of what programming language created them. Now reuse is a 
reality. Instead of recompiling apps due to implementation 
changes, just reuse the objects. That saves time and d 
money. And SOMobjects incorporates 
Distributed SOM (DSOM) technology : f 

7 


to provide a base for object-oriented 
programming development and use over 
entire networks. What devel- 
oper could object to that 
б \ SOMobjects is ay 
/; 


r both 
WO™ 3.2 (or 
and is planned 
ironment. It complies 
andards of the Object 

| | (OMG?) Common Object 

Request Broker Archi » (CORBA). To find out more 
or to order the SOMobjects Бандары Toolkit, call 
1800 3-IBM-O 52 today. If your object is easier 


development, it's a more desirable way to work. 


Making reuse a reality. 


OS/2 2.X and IBM 

higher) operatin, 

for the Windows" 
with industry 


Managemer 


IBM and OS/2 are registered trademarks and AIX/6000 and SOMobjects are trademarks of 
International Business Machines Corporation. All other products are trademarks or registered 
trademarks of their respective companies. $1993 IBM Corp. 
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4 Distributed object EDU Eee objects to be. 
distributed over. entire networks. | 


i „Upward | binary compatibility—object modifica- | 
| men without арр recompilation, | 


| Replication frameworks—makes copies of a 
Single abject E to Jess clients. 
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DISPLAY TECHNOLOGY 


Competition for Active Matrix 


j m" 1990s may be the de- 
cade of mobile computing, but 
so far, computing "anywhere, 
anytime" has been limited by 
LCDs that don't provide 
enough contrast for use in a 
wide variety of lighting condi- 
tions, even with power-con- 
suming backlighting. In addi- 
tion, LCDs are temperature- 
sensitive, requiring warm-up 
time and providing slow re- 
sponse in cold temperatures. 

One of the most promising 
technologies to solve some of 
these problems is the cold-cath- 
ode FED (field-emission dis- 
play). BYTE covered cold- 
cathode FEDs a while back 
(see “LCDs and Beyond,” Feb- 
ruary 1991 BYTE). At that 
time, the forecast was for work- 
ing products to come out in 
about two years. Almost three 
years have passed and there are 
still no commercial FEDs, but 
1994 may finally be the year, 
as several projects are under 
way to develop them. 

Cold-cathode FEDs operate 
on the same principle as the 
CRT, but rather than using a 
bulky high-voltage electron 
gun, FEDs use an array of low- 
voltage electron emitters to ex- 
cite light-emitting phosphors 
that illuminate the screen. 

Cold-cathode FEDs produce 
far brighter contrast displays 
than LCDs, are insensitive to 
temperature, and consume sub- 
stantially less power than back- 
lit LCDs such as active- and 
passive-matrix displays (a 10- 
inch full-color FED would 
consume less than 5 W of 
power). 

Three companies in the U.S. 
are working on cold-cathode 
FEDs. In addition, a French 
company, Pixel International, 
has demonstrated a 6-inch pro- 
totype cold-cathode FED. 

A small company in Hous- 
ton, Texas, SI Diamond, is 
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SI Diamond's FED uses a diamond coating, which is inexpensive to manufacture, for the field-emitter surface, unlike more 


electrodes 


Spacers 


Row electrodes 


Glass substrate 


conventional metal field emitters. The company claims that because of its physical properties (in particular, nonconductivity), 


diamond із a superior field emitter and eliminates the need for insulators and resistors. 


working on an FED using a di- 
amond coating for the field- 
emitter surface, unlike more 
conventional metal field emit- 
ters (see “SI Diamond’s Ar- 
chitecture"). 

The company's design does 
not call for traditional, expen- 
sive diamonds, however. In- 
stead, the diamond material 
will be manufactured through a 
process in which a high-inten- 
sity laser transforms graphite 
(i.e., soft carbon) into diamond. 

SI Diamond is working with 
Microelectronics and Comput- 
er Technology (Austin, TX) to 
develop the FED. The compa- 
ny hopes to have a 1- by 1-inch 


prototype display early this 
year and 6-inch and larger dis- 
plays later on. 

The other companies work- 
ing on FEDs in the U.S. are 
Micron Display Technology 
of Boise, Idaho, and Silicon 
Video of Cupertino, Califor- 
nia. Silicon Video has some 
former employees of Coloray, 
which, before it went out of 
business, was the primary de- 
veloper of FEDs in this coun- 
try. Micron is working on a 
metallic-emitter design, while 
Silicon Video would not dis- 
close the nature of its design. 
Silicon Video's Bob Dubak 
said, the current crop of com- 


petitors' FED prototypes re- 
quire expensive drivers for 
switching voltages on and off 
and also suffer from non- 
uniformity in the displayed im- 
age. Dubak says that Silicon 
Video is working on lowering 
switching voltages to 50 or 60 
V rather than 250 V, which is 
the minimum in other designs. 
In any case, we should be 
seeing some prototypes from 
all three companies this year. 
Says David Mentley of Stan- 
ford Resources, a display con- 
sulting firm in San Jose, Cali- 
fornia, FEDs “сап put pressure 

on active-matrix displays." 
—Nicholas Baran 


`a RAID Levels 4 and 5 Software 


even years of experience in developing powerful SCSI software, a commitment to our 

customers’ needs and our all-in-one philosophy have made us a leader in SCSI software 

products. By listening to your needs, we have created a complete solution that has the 
power to meet the demands of MIS managers now and in the future. New CorelSCSI Network 
Manager is the best way to connect CD-ROM, WORM, rewritable and multifunction optical 
drives and jukeboxes to your NetWare file server, and features: 
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High Performance CD-ROM Server Software ~ ` Advanced Jukebox Support 

CorelSCSI Network Manager includes Users will find increased storage capacities 
optimized CD-ROM Server software with and enhanced performance as CorelSCSI 
caching to give industry-leading performance. Network Manager transparently integrates 
Also includes support for multi-session and optical jukeboxes with NetWare file servers. 
Kodak Photo CD formats, as well as device | 

drivers for the Pioneer multi-disc unit. 
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CorelSCSI Network Manager also includes 
CorelRAID;" which allows users to customize 

RAID level 4 and 5 arrays with any supported 
ASPI-compatible SCSI controller(s) and 3 or Gl 


n F i 4 
Sane 


Compatible with Leading Host Adapters 


more SCSI 

hard drives. CorelSCSI Network Manager includes ASPI 
Status screens | Managers for Always Technology, Future 
allow the Domain, and DPT, and supports a variety of 
system host adapters including various models from: 
administrator Ж E | 
to easily | am mam A women | 


troubleshoot any potential problems. 
CorelRAID lets users build arrays that 
provide high fault tolerance while improving 
performance. With CorelRAID there is no 
down time. By using hot-swap or hot-standby 


time is eliminated. | 


features, server down- z XE 


The Software Solutíra for Dicta Sorurity / 


CorelSCS! works with hundreds of 
leading manufacturers’ SCSI devices. 
Corel ensures this with our in-house 
CorelSCSI Product Certification 


Program. Our listing of supported 
consi SCSI! devices is updated monthly and is 
| APPROVED available through our fax back system, 


PRODUCT 


For upgrade information or to order, call Corel: 


OEM Sales (613) 728-0826 ext.1051 


BBS, and customer service departiment. 
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Introducing INDY ‘from Silicon Graphics. 


Welcome to Indy, the world processor. collaborate with the power of a Е 
The newest Indigo®. The most — 100MHz MIPS? R4000° 64-bit 
affordable. And the first TW 


computer with its own 


RISC processor. Now you 


can show the whole world | 
digital color camera. exactly what you're 
thinking. Want one? 
Call 1-800-431-4331 
Department B22 for 


ES the cool brochure. 
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interface is a pleasure 


volume controls; 2 GICH2 rig- 


zone. Capture, create, 


" Lira nz 


communicate, and 


IND 


Starting under $5000.* 


SiliconGraphics 
Computer Systems 


e4 support; 15- 1024 x 7BB-cotor non-mierl 


| 
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BUSINESS SOFTWARE 


Graphics Gets Down to Basics 


ax ive the people what they 
need. That's the philosophy be- 
hind several new Windows 
drawing programs designed for 
people whose artistic capabili- 
ties are nil, yet who still need to 
quickly create professional- 
looking diagrams and charts. 
You won't find some of the 
high-end features (e.g., support 
for Bézier curves, gradient fills, 
or special text effects) in 
ShapeWare's Visio 2.0 or Mi- 
crografx's SnapGrafx that you 
find in free-form, professional 
drawing programs. Instead, 
these programs are for business 
users who are often called on to 
create network diagrams, flow- 
charts, project time lines, and 
organizational charts for in- 


Along with its high-end CAD features, AutoSketch 
includes predesigned templates. 


corporation into reports or pre- 
sentations. 

""To a large degree, the target 
users of Visio 2.0 are quite dif- 
ferent than those of Corel- 
Draw," says Morgan Brown, 
Visio product manager, noting 
that with a professional draw- 
ing program, you're more like- 
ly to create unique artwork or 
designs. "Visio is a program 
that helps you quickly draw the 
basic types of drawings that are 
used in a company. Prepress 
color processing is not some- 
thing our target users are go- 
ing to do," he says. 
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Mom ore a СТЕ 


accordingly. 


Both Visio and SnapGrafx 
use templates to jump-start 
you into the graphics creation 
process. Instead of having to 
‚ create and link the 
arrows, symbols, 
and text boxes that 
' you will use in an 
| organizational chart 

or network diagram, 
the templates do 
much of that work 
for you. Each tem- 
plate provides a li- 
brary of predrawn 
| shapes and a frame- 
work for perform- 
ing a specific task 
so that objects in- 
.  teract as you would 
expect them to. For example, 
in the creation of a flowchart, 


This diagram of a sports play was made in 3 minutes in 
SnapGrafx. Once the first player was placed and sized, 
every new player selected from the template sized itself 


: EEL ET 
тат 


1 help in speeding 

the process along. 
H You can use ei- 
ther of these pro- 
grams to create 
respectable draw- 
ings in just 5 
minutes. 

While the two 
|| programs were 

developed to ful- 
- fill the need for 
quick-and-clean 
graphics, Visio 
2.0 15 more ex- 
tendable than 


SnapGrafx. Visio 
2.0 is an OLE 2.0 object and 
a container that also 


supports OLE 2.0 [f Pa Wes tees pues Poma Dope vinee fee 
[ч ГГ [SMC] mca e HRI 
D redycte vs Patr] ‹ ВЕ 


automation. In addi- | 
tion, ShapeWare has | 
developed a catalog of - 
optional symbol li- 
braries for specific in- 
dustries or themes. 
However, because of 
SnapGrafx's template 
gallery, which shows 
up each time you start 
the program, Snap- 
Grafx makes it easier 
for you to get started 
on your drawing. 
Gordon Sellers, 
product manager for 
SnapGrafx, says Micrografx 
designed the program to appeal 
to everyone in a business, from 


when you move а (mamas ыны ыан ыы 


box, the link FTE 
moves with it; 
when you select 
a shape and begin 
typing, the text is 
automatically in- 
serted. Although 
these hand-hold- | 
ing features are | 
not as dazzling as Essa.. 
those that you ESS 
might find in a 

24-bit color paint 
program, 


ИШЕК си 
ето There 
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IntelliDraw 
general and dedicated templates for constructing diagrams, 
they such as this network chart. 


administrators to the company 
president. “There is a huge 
group of people [in business] 
out there who have very spe- 
cific needs," he says. He said 
that although suites of applica- 
tions are a great way for com- 
panies to buy their spreadsheet, 
database, word processor, mail, 
and presentation programs, 
these packages don't suffi- 
ciently address all the common 
business graphics needs. 
Other companies have no- 
ticed this untapped market as 
well. AutoDesk's AutoSketch 
2.0, a 2-D CAD program for 
creating technical illustrations, 


yt 


This recycling symbol was created in Visio 2.0 in 
about 20 minutes. The predrawn arrows were 
modified using the line tool and fragment command 
and then rotated using the rotation tool. The 
program's grid helped in aligning the arrows. 


also includes predesigned tem- 
plates to minimize repetitive 
tasks. IntelliDraw 2.0, Aldus's 
full-featured drawing program 
for the Mac and Windows, of- 
fers predefined templates and 
collections of smart objects. 
Microsoft has acknowledged 
that a number of people use 
presentation programs to cre- 
ate organizational charts. The 
company is including a special 
version of Banner Blue's Org 
Plus as a standard feature in 
PowerPoint 4.0 for Windows, 
which is expected to ship this 
month. 

—Dave Andrews 
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INÀ WHOLE NEW WAY. 


JV the project management 


resource costs and usage on a Project Scheduler 6 T | 
umo fe чор а period by period basis. Performing lets you build standard- = L1 experts who developed 
ег 0 tor Windows,” multiple “what-if” scenarios is ized screens and reports \# the entire Project 


ME Scheduler series of 
- multi-platform 
- software. Scitor also 


Fasy-to- use project also a breeze with its ability to do for consistency across ë vw 
manarement software multiple undo/redos in seconds. your entire organization, | 


You can manage multiple or create custom formats | 
with the advanced features projects from a single resource base on the fly for ultimate P 


; 1 © offers the most 
you ve been missing. and rearrange activity information flexibility and impact. Micro a comprehensive 
by function (WBS), organization Our object-oriented Beforeyoumakeaproect training and consult- 

Now you can easily analyze and (OBS) or resource (skill codes) — roport writer offers out- Mai ule е ing programs in the 
report rapidly changing schedules making it easy to view and present standing layout versatility “Serva. ie industry. 
and resource availability with data in the most meaningful way. not usually found in Call 415-570-7700 If you're looking for 
greater accuracy and speed. And with Project Scheduler 6’s project management yn project management 

Sophisticated model- unique ability to build software. It allows you to select software that offers both powerful 
ing features like the an ODBC project and precisely place data fields, features and true ease-of-use, then 
Advanced Resource repository, change fonts on-screen, and even take a closer look at the new Project 
Tracking Spreadsheet ' spreadsheet and incorporate colorful logos for Scheduler 6 for Windows today! 
(ARTS) make Project database users from — sensational-looking reports. 
Scheduler 6 the only other departments All of our software comes with т 
Windows-based can access and free telephone support that won't I Scitor 
product to let you update project data keep you waiting in an electronic - 
enter and evaluate for added efficiency. queue and includes access to Corporation 


Corporation. 393 Vintage Park Drive, Suite 140, Foster City, CA 94404. Tel. 415-570-7700, In Canada, call 905-840-5493. Іп France, call (1) 43 29 44 37. In Germany, call 0 69- 6 66 80 25. 
ennt ARTS, and the Scitor name are trademarks of Scitor Corporation, Windows is a trademark of Microsoft Corp. 
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in electronic forms, 
this choice is easy. 
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пг or 
create your logo. 
Then store it 
in the object 
library to use 
over and over. 


ith 120 
spreadsheet 
functions 
at its disposal, 
WordPerfect 
InForms will 
calculate the 
total. And then 
decide where 
to route the 
form for proper 
authorization. 


WORDPERFECT IS А REGISTERED TRADEMARK OF WORDPERFECT CORPORATION WITHIN THE UNITED STATES AND OTHER COUNTRIES ALL OTHER 


You've decided to streamline and cut costs with an 


electronic forms package. But which package should 


you choose? • First, look for one that's easy to manage. 


With graphics and spreadsheet capabilities, to make 


your forms look and act exactly the way you want 


them to. And with design tools that let you get up and 


running right away. • Second, look for the one that will 


get you the most out of your databases. That will let 


For the easiest 


in multiple database access, 
this choice is best. 
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of 19 popular p 
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backorders 

from this vendor? 
Query your 
Paradox data- 
base in plain 
English or by 
example and get 
a custom report. 


Quos 


update your 
Sybase SQL 
inventory 
database. 


you access, update or query multiple databases from a : nearly as many databases (19 of the most popular). 


single form. • Now that you know what you're looking : Take a look at the next generation in electronic forms. 
for, the best choice is easy: WordPerfect? InForms. No . Call (800) 526-4806 for a FREE WordPerfect InForms 
electronic forms package is easier to handle and supports Zr disk, or (801) 225-4414 to download from our BBS. 
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A Giant Leap for Borland GH, E ET 
a Small Step Past Visual C++ | 


WW... Borland C++ for 


Windows 4.0 makes its debut, 
it will be the best Windows de- 
velopment system on the plan- 
et—but just by a hair. BCW 
4.0 inherits and improves on 
the best features of its prede- 
cessor, its OS/2 sibling, and 
arch rival Visual C++ to cre- 
ate an unsurpassed environ- 
ment for building 16- and 32- 
bit Windows applications. But 
while the innovations are great, 
the end result is a tool that’s 
only marginally better than Vi- 
sual C++. Also, given the sim- 
ilar capabilities and great com- 
plexity of both packages, the 
advancements in BCW 4.0 will 
prove a boon primarily to those 
already committed to Borland 
C++ and OWL (Object Win- 
dows Library) development. 

The most obvious enhance- 
ments to BCW 4.0 are Experts, 
high-level, rapid application- 
development utilities that are 
similar to the Wizards of Visu- 
al С++. The AppExpert gener- 
ates a complete framework for 
an OWL-based application (or 
DLL) given only a few: selec- 
tions їп a small set of dialog 
boxes. The resulting application 
can be incredibly sophisticat- 
ed, optionally including a 
ready-to-run MDI (Multiple 
Document linterface}, a tool- 
bar, a status line, print previews, 
and built-in help. 

The ClassExpert is a com- 
bination browser and editor that 
works with AppExpert appli- 
cations, letting you quickly de- 
rive new classes from OWL's 
comprehensive set and easily 
define new member functions. 
The ClassExpert is fully inte- 
grated with Borland's Resource 
Workshop, so deriving a new 
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class from OWL's TDialog 
instantly pops you into the 
resource editor, where you 
build the dialog-box template. 
Changes you make in the re- 
source editor are reflected in 
the source files you edit within 
the ClassExpert. 

Underlying the Expert tech- 
nology is OWL 2.0, a heavily 
revamped version of Borland's 
high-level class library. OWL 
2.0 adds Doc/View support, 
VBX control classes, and a 
host of new high-level classes 
(e.g., print and print preview). 
But OWL's most significant 
change is that it no longer re- 
quires the Borland-specific dy- 
namic-dispatch virtual tables 
that formed the heart of OWL 
1.0. That makes OWL 2.0 po- 
tentially portable to any С++ 
compiler and opens the door 
for OWL on platforms beyond 
Windows, making it an attrac- 
tive target for those building 
cross-platform applications. 
OWL’s first step outside Win- 
dows will be to Novell's App- 
Ware Foundation, a move that 


should be realized 

by this summer. 
Compared to 

other Windows 
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` tool that lets you rapidly develop new classes in 


C++ implementa- E bulit with AppExpert. 
e * Borland's class browser 
tions, BCW 4.0's чн sion i Nx close teet 


compiler is the 
most advanced. It 
supports the most 
recent recom- 
mendations of the | 
ANSI C++ com- 
mittee. New lan- 
guage features in 
BCW 4.0 include 
ANSI C++ exceptions and 
string classes, and run-time 
type information support. 
BCW 4.0 targets both 
Winl6 and Win32, includes 
Win32s, and can run (minus 
the IDE) on Windows NT. For 
the moment, it betters Visual 
С++ 1.0 with more advanced 
С++ features and a slightly bet- 
ter IDE; it also nicely fills the 
gap between the 16-bit and 
NT-hosted 32-bit versions of 
Visual С++. But its real chal- 
lenge will come when Mi- 
crosoft fills that gap on its own 


LAPLINK CUTS THE CABLE 


кы onductor have develop eda r 


e This editor window is part of ClassExpert, but it's inherited 
from the full IDE editor, which includes new capabilities 
like Brief and Epsilon emulation. 

O BCW 4.0's project manager handles shared code 
resources [source tools] and outclasses the project 
support provided by Visual C++. 

© Borland's superior Resource Workshop improves with 

added resource previews and thorough integration with 

ClassExpert. 


with Visual С++ 1.5, which 
will include Microsoft Foun- 
dation Classes 2.5 and its at- 
tendant high-level ODBC 
(Open Database Connectivity) 
and OLE 2.0 classes. At that 
point, OWL’s potential as a 
GUI-independent platform may 
be the only quality that really 
sets BCW 4.0 apart. 

— Steve Apiki 


Borland C++ 4.0, $499, Bor- 
land International, Inc., P.O. 
Box 660001, Scotis Valley, CA 
95067, (408) 431-1000. 


wireless pro ena pee ission technology andi ntelli- 
gent software to let you auton SR wo computers am 

. synchronize their files before ye event n tak со: 

| LapLink Wireless with AirShare, th e hardwar aa package lets 


them. 

Due to the package’s on-connect option, you can configure the Air- 
Share software to automatically begin synchronizing files at speeds of 
115 Kbps once you walk within the range (about 30 feet indoors) of the 
target PC. Thus, you can begin sharing files simply by walking near the 
target computer. You can also use the package to print documents di- 
rectly from your portable to a local or network printer. 

LapLink Wireless includes two AirShare radio modules that weigh 
about 3 ounces each. The package Is slated to ship in the first quar- 

ter and will cost $299.95. —Dave Andrews 


you link portable and desktop PCs without having to physically connect | 


LapLink Wireless with AirShare, which 
has a range of about 30 feet indoors, 
lets two computers automatically 
synchronize and share files using a 
wireless radio connection. 
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GRAPHICS SO FAST, WE HAD TO GO 
TO A SPECIAL PLACE TO TEST IT. 


Don’t let the next generation of high-performance graphics cards pass you by. 
Introducing Pro Graphics™ 1024. Driving a stunning 16.7 million colors at 1024 x 768 
resolution, it delivers the best performance in the field. Now, that’s True Color. And it’s from 
Media Vision, the leader in innovative PC 
graphics. With a refresh rate of 76 Hz for 
a crisp flicker-free display, Pro Graphics 
1024 delivers the speed you’re looking for. 


68 


T. 


At a price that won't blow you away. 
Why not test drive a Pro Graphics 1024 


WinMarks (ten! a: Tw Chr Рулла) 


‘Pro Graphics’ 1024 


Media Vision 


16.7 million colors at 1024 768 exin At your local computer retailer? And see what 


puts a new twist on 


16.7 million colors at 1024 x 768 looks like at this 
speed. For more information on the whole Media Vision family of 
Pro Graphics accelerators call 1-800-845-5870 dept. 630. MEDIA VISION 


Tests performed using Ziff Davis Labs’ WinBench" V.3.11 without independent certification by Ziff. Media Vision conducted all tests based on Diamond motherboard with 
Intel 486DX2/66 CPU, 16MB RAM, 256K cache, 340MB IDE hard drive, MS-DOS Version 5.00. ©1993 Media Vision, Inc., 3185 Laurelview Court, Fremont, CA 94538. 
(510) 770 9592. Pro Graphics 1024 is a trademark of Media Vision, Inc. Any other trademarks and registered trademarks are owned by their respective holders, 
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perpetual 
power- 


seeker 


SPLIT- " | 
NANOSECON Û you crave computing 


OPEN-THROTTLE THROUGHPUT 


PCI local bus 


Ja 


- | N Say goodbye to 
NUMBER = VO jams and hello 
ower, call AMBRA. For to a jumperiess 
P А 0 future — at AMBRA, 
CRUNCHING. , D Ў ihe PCI local bus 
the latest technology — 2 In our Pentium 
0 processor-based 
Doing complex T ISA desktops, 
| this heavy-load 
Ee NEM like Intel PENTIUM? And B 5  OCPU-o-peripheral 
CAD/CAM? | data carrier: 
Advanced appli- [e а Increases 
ti f i throughput 
АКАЙ E lots more. For lots less. 8 
AMBRA puts the € и Autoconfigures 
=m PCI adapter cards 
superior power of a 0 F^ ре 
60 MHz Pentium б) » та ечи A 
processor at your 0 high-performance 
command! This true 0 peripherals 
64-bit Intel processor =й ae =т= _—_ 
has what it takes — Networks 
high-speed clocking, 
Multimedia 
parallel execution, 
E nes | 
on-chip cache, Disk drives 


specialized floating- 


point hardware, and 
VESA local bus 
more — to swiftly 


Prefer VESA over 
cut through your PCI? AMBRA’s 
most intensive selection of 

Pentium 
computing tasks. technology 

systems includes 
ا د‎ а —M - towers and 

Pentium + PCI + Diamond Viper ишо өл 
Fully configured systems starting at $3,099 E e 


processor power 
while protecting 
your investment In 
VESA option 
WARP-SPEED GRAPHICS. If you're talking accelerated graphics. AMBRA’s cards you may 


already have. 
tatking 81 million Winmarks! with the Diamond Viper PCi video card! This high-powered y 


PCI graphics board provides 24-bit True Color (up to 16 million hues!), fast and flicker-free 


refresh rates, and super-rapid screen redraws. For VESA fans, AMBRA also has the Viper in 81 
a VL version. In addition. we offer the popular ATI® Mach 32 VL graphics accelerator. MILLION 
WINMARKS 


HARD DISKS: т E X PON EN TIAL G R O W T H 
1GB (8.9 ms) SCSI-2 


540MB (10.5 ms) MAYBE YOU NEED A SYSTEM THAT'S BIG, BIG — AS WELL 
SCSI-2 
440MB (12 ms) AS FAST, FAST. WE'VE DESIGNED A DUAL PENTIUM 
340MB (12 ms) PROCESSOR COMPLEX THAT ALLOWS YOU TO DOUBLE 
240MB (15 ms) 
170MB (17 ms) YOUR COMPUTING POWER WHENEVER YOU CHOOSE. 
MULTIMEDIA: Y bani 
2X CD-ROM drive | PAARE TEN 
Multimedia kit We build with one Pentium 
(2X CD-ROM drive, 
sound card, processor, then add 
2 speakers) 
ону for memor y. another later. Say, 
MONITORS: when you're ready 
14" AMBRA SVGA etarata. saf mare DUR DUAL to tap the multi- 
DE RENEE AR Je. | processor support 
15" AMBRA Flat COMPLEX N | 
Square Tube in an operating 
15" НЕС: a m And if one Pentium AVAILABLE IN system like UNIX 
17" AMBRA Flat EISA TOWERS or Windows NT™ 
Ке. = тим processor isn't THAT OFFER — ir your're ready now, 
Multisync 5FG Û SLOTS AMD we'll cteate a dual- 
ا‎ 6FG enough. take NO! 12 BAYS Т0 powered system for 
BUILD UPON. 
MODEMS: 


9.6 kbps internal 
14.4 kbps internal 


PRINTERS: 

IBM 2391 Personal Pentium 
Printer ll + VESA 

IBM 4039 + 1GB hard disk 
LaserPrinters 

IBM 4029 Fully configured systems starting at 


LaserPrinters 


$4,351 


SCANNER: 


Calera WS 
PC Scanner 


open-ended expansion. Require big-byte storage? We've got hard 
disks ranging ир to 1GB! Need to run a dozen high-speed peripherals? You 
can support as many as 14 drives and devices on a single slot, thanks to 
bulit-in Fast SCSI-21 Our Pentium processor-based ISA/PCI systems come 


with a Fast SCSI-2 controller (10MB/sec throughput!) on the PCI local 


bus. EISA/VESA systems feature onboard, dual-channel Fast SCSI-2. 


Affordable 


Intel Pentium 


processor- 
based 
systems 


from 


AMBRA. 


FIRM CONFIDENCE. 


AMBRA covers every 
computer with a 30-day 
money-back guarantee 
and a one-year limited 
warranty. An optional 
IBM® one-year onsite 
warranty is also 
available to you? With 
either warranty. you can 
rely on toll-free technical 
support 24 hours a day. 


7 days a week. 


in Canada‘ Gall 1-800-363-0066, Ext. 4911 


@ Mode! DP60/PCI Ө Model DP60E/VL Ө Model TPeoE/vU 

= Pentium processor, 60 MHz 2 Pentium processor, 60 MHz = Pentium processor, 60 MHz; 
a 64-bit data path ® 64-bit processor complex upgradeable to dual 

2 8MB RAM, max: 128MB 2 8MB RAM, max: 64MB Processors 


= Dual 64-bit processor complex 
= 8MB RAM, max: 128MB 

= 512KB processor cache 

и 3.5" 1.44MB diskette drive 


= 256KB processor cache 
a 3.5" 1.44MB diskette drive 


s 540MB (10.5ms) 
Fast SCSI-2 hard disk 


a 256KB processor cache 

= 3.5" 1.44MB diskette drive 
a 340MB (12ms) hard disk 

= 4 ISA, 2 PCI, 1 PCV/ISA slot 


Е е Onboard dual-channel = 540MB (10.5ms) 
a с роны ERE Fast SCSI-2 Fast SCSI-2 hard disk 

2MB DRAM = 8 EISA slots (2 VESA) = Onboard dual-channel 
a 14" SVGA color monitor, LR в 6storage bays Fast SCSI-2 
= Desktop casing a L45 ATI® Mach 32, 2MB VRAM : yim th VESA) 
= 200-watt power su a 15" Flat Square color monitor, | 
в MS-DOS® 6.0, ici 31, LR, NI " 1.25 53 805 graphics 

mouse в Desktop casing (convertible to accelerator, 1MB DRAM 
$2 799 minitower) = 2X CD-ROM drive 

= ’ в 200-watt power supply п 15" Flat Square color monitor, 
в MS-DOS® 6.0, Windows 31, E NI | 
mouse = Tower casing 
Өм Model ОРӨО/РСІ 45090 etl A ا‎ ЕИ 
е = MS-DOS® 6.0, Windows 31, 

= 440MB а 2Ê) h нел disk mouse 
a Diamond Viper PCI, 2MB VRAM $4,719 
s 2X CD-ROM drive 
в 15" Flat Square color monitor, 

LR,NI 
$3,499 


M MEEMENMEEME 


FREE CUSTOMIZATION. THE SYSTEMS YOU SEE HERE ARE JUST SOME OF 
YOUR CHOICES. AMBRA CUSTOM-CONFIGURES TO YOUR EXACT SPECS — 
PREINSTALLING AND/OR PRELOADING YOUR PICK OF MEMORY SIZES, HARD 
DISKS, OPTION CARDS, AND MORE — WITH NO 
EXTRA SERVICE CHARGE AND NO DELAY. 


[OY 


Full convenience. 

To place an order or get more information, just call. 
AMBRA's lines are open every weekday 8 am to 9 pm, 
and Saturday 10 am to 6 pm (ET). We accept VISA® 
MasterCard® and American Express9—- as well as 
purchase orders from qualifying businesses. So pick 
up the phone, and get a direct line to Pentium 
processing power today. 


COMPUTER CORPORATION 


1 1,024 x 768 x 256 colors al a 72 Hz retresh rate. 2 
Onsite service may not be available in certain locations 
© 1993 AMBARA Computer Corporation. AMBRA is a trademark of ICPI Lid. and used under license theretrom. The AMBRA logo and logotype are trademarks of AMBRA Comput 
Machines Corporation. Intel ts a registered trademark and Pentium is a trademark of Intel Corporation, Windows and Windows NT are trademarks and MS-DOS is a registered trademark of Microsoft Corporation. Alt other product names are 
trademarks or registered trademarks of their respective suppliers. Offerings, prices and products are subject ta change wilhout prior notice. Prices do not include sh pping. 


cali for details regarding AMBRA s money- — MÀ oris , and IBM onsite warranty. Retum shipping and insurance charges are the responsibility of the customer. 
FCC Class A system, for use Їп a commercial environment only. 


Offerings may differ in Canada. 
er Corporation. BM is a registered trademark of international Business 


Our new CT2 PhoX™ controller — the m 
core technology in the newest CT2 digital АУ 
cordless phone systems — is the latest 


expression of the DSP technology that makes us a leading 
supplier of telecommunications ICs in the world today. 


Our 5.0 Volt-only Flash memories play 
acritical role in today's advanced digital 
cellular phones. While our low-voltage 
ТО e an equally importantrole in analog 


NON-VOLATILE 
MEMORIES 
a! 


„7 “AMD's 5.0 Volt-only Flash memory rcr 
sf rds are instrumental in providing 12172 
| I i а81 in state-of- “the-art hand- ——— 


Where is everyone going these days? tise in process, packaging and design 
They're going mobile. And your next technologies — optimized for mobile 
computing or communications device computing and communications appli- 
can go with them when you design-in cations. So your next design can have 
AMD” technology. more features, more speed, a smaller 

Take advantage of AMD's vast exper- апа lighter form factor, and longer bat- 


991 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088. © 1993 Advanced Micro Devices, Inc. Am&86, PCnet, and PhoX are trademarks, Am386, the AMD logo and AMD are registered trademarks, and FuslonPC fs a service mark of 
Advanced Micro Devices. All other company or product names are trademarks or registered trademarks of their respective holders. 


Our PCnet™ family gives laptop, notebook auc... 
and subnotebook computers [ull Ethernet and — Pm 
Л SCSI connectivity inca few square inches, righ p^ 65 
: T on the motherboard. Our PCnet family even 
makes Ethernet available in a compact PCMCIA шы 


/\ AMD will soon provide extensive viele A. 
AES LAN/WAN capabilities — including wireless _ 
—— ——5 access to hardwired networks and even’ 
wireless peer-to-peer connectivity — the result of our strategie 
partnership with Xircom. 


Our low-voltage x86 CPUS, including our. 
Am486™ and Am386° microprocessors, help 
* provide sheer compüting horsepower and the; 
longest battery life available for notebooks; 
subnotebooks, palmtops, and pen-based systems. n 
they're certified 100% Microsoft Windows" compatible: Plus. -z - 
you get the support of over 40 FusionPC™ Alligice.Parlners- 

to. help bring your designs to market faster. 


ге 


m d m 


tery life than ever before. Ideal for today's 800-999-9393 £ Qi 

demanding mobile professional. uf erate 
See for yourself why AMD is the way to | 

go in mobile computing and communica- ^. 


tions. For a free brochure on all our mobile В " 
products, contact AMD today. Advanced Micro Devices 
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М rie ted | 


News & Views 


CD-ROM DRIVES 


Speedy CDs Improve 
Video Performance 


W... it comes to mov- 


ing data from disc to screen, 
CD-ROM drives have never 
been fleet-footed performers. 
However, CD-ROM may fi- 


OPTICAL PUBLISHING FORECAST 
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nally be finding its legs. Faster 
double-speed CD-ROM drives 
are now the norm, even among 
low-cost models. And Pioneer, 
NEC Technologies, and Plex- 


tor (formerly Texel), are up- : 


ping the ante again with triple- 
and even quadruple-speed CD- 
ROM readers. 

Pioneer already sells its ex- 
ternal DRM-604X quadruple- 
speed CD-ROM reader. NEC 
has announced 3X and 4X 
drives. The new MultiSpin 3X 
drives ($455 to $600) transfer 
data at 450 KBps, compared to 
the 150-KBps rate of the first 
CD-ROM readers. The Multi- 
Spin 4X Pro ($995), which 
NEC says it is targeting at soft- 
ware developers and power 
users, bumps the data transfer 
rate to 600 KBps, or fully twice 
the throughput of today's dou- 
ble-speed CD-ROM drives. 

The higher transfer rates of 
these new models mean that 
the drives can more quickly 
read into memory large blocks 
of data—the kind needed for 
showing photo-realistic pic- 
tures, full-motion video clips, 
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and crisper animation se- 
quences. Plextor's quadruple- 
speed drive should be available 
by the middle of 1994. 

While any CD-ROM title 
with such multimedia 
elements should run 
` | noticeably smoother, 

| NEC is working with 
| | a host of publishers 
` | to produce new discs 
| or updated versions 
Ш | of earlier titles that 
"x | take particular ad- 
vantage of the higher 
im | data transfer rates. 
ock, | Companies parti- 

ren | cipating іп NEC's 
Strategic Software 
| Partnership program 

— include Broderbund, 
Corel, Grolier, Knowledge Ad- 
venture, Macromedia, Spec- 


trum HoloByte, and Time 
Warner Interactive. 

Not all CD-ROM applica- 
tions will benefit from the 
boost in data transfer rates, 
however. Searching through a 
disc full of text information 
(e.g., a Yellow Pages directory 
or a database of magazine arti- 
cles) won't be much faster on a 
triple-speed drive. That's be- 
cause finding data on the disc 
to begin with remains a rela- 
tively leisurely process. Both 
the MultiSpin 3Xe (external) 
and 3Xi (internal) drives have 
access times of 195 millisec- 
onds, as does the 4X Pro mod- 
el. А fourth model, the 3Xp 
(personal), has an access time 
of 250 ms. That's roughly 10 
times slower than the access 
times of typical hard drives. 


Still, for the sort of glitzy ti- 
tles that dominate the CD- 
ROM field, triple- and quadru- 
ple-speed readers are a boon. 
And there may be higher 
speeds ahead. “There’s no lim- 
it to how fast you can spin the 
disc," notes Dan Johnson, a 
MultiSpin product manager at 
NEC. The challenge, he says, is 
in developing a faster spindle 
motor and better error-correct- 
ing code [in the drive's firm- 
ware] and then dispersing the 
extra heat it produces. 

NEC has been experiment- 
ing with CD-ROM drives run- 
ning at six to eight times the 
original speed. But at some 
point, says Johnson, CD-ROM 
capacity may become a bigger 
issue than transfer speed. 

— Christopher O'Malley 


OPEN SYSTEMS 


Novell Opens Unix 


 -— has transferred the Unix 

trademark to the international X/Open standards 
organization. The transfer, which was announced 
last October, when combined with other stan- 
dards efforts, may yet result in multiple imple- 
mentations of Unix that conform to a single 
specification. 

Novell's transfer of the Unix trademark to 
X/Open is, said Kanwal Rekhi, executive vice 
president of Novell's Unix Systems Group, the 
next logical step for Unix. (In September, over 
75 companies, including Sun, Hewlett-Packard, 
DEC, IBM, Novell, and SCO, agreed to adopt a 
single set of 1170 API calls.) X/Open will be 
responsible for certifying that vendors’ operat- 
ing systems meet the Spec 1170 definition of 
Unix. 

The idea behind the common API is to let de- 
velopers write to a single set of memory, file- 
system, and other kernel-level calls so that they 
need to do only a source-level recompilation to 
support another Unix platform. With multiple 
compatible implementations of Unix, vendors 


will then compete on the basis of price, quality, 
service, and reliability, or as X/Open's president 
and CEO Geoff Morris said, “а single specifi- 
cation, a single brand, and as much innovation as 
the industry can deliver." 

The movement toward a unified Unix will 
continue throughout this year. SunSoft, IBM, 
and SCO officials say they expect to have ver- 
sions of Unix that comply with Spec 1170 this 
year. But Morris said that the suite of software 
tests to verify Spec 1170 compliance will like- 
ly not be available until the end of the year. Un- 
til then, there is an interim specification that 
says companies must use USL operating-sys- 
tems technology, conform to SVID (System V 
[Interface Definition), and conform to XPG3 
(X/Open Portability Guide) or XPG4. 

Novell will not give up its right to license 
Unix System V source code to other vendors, 
but once the test suites are available, Unix ven- 
dors will no longer be required to use Unix code 
developed at USL /Novell. 

—Dom Pancucci 


Client/Server й 
SQL Database sem 
for Windows NNN 


Applications" 


МАТСОМ SC IL ТОГ VEITIUUWS is a high-performance 
SQL das engine for Windows xd dixe The package includes 
everything required to begin using WATCOM SQL immediately from many popular 
Windows applications, supporting interfaces ranging from ODBC and DDE to the Windows 
clipboard. Everything necessary for application development in C/C++ (using compilers from 
WATCOM, Microsoft or Borland) is also included. 
installation in Under 10 Minut S The easy installation and setup reduce 
the time and expense traditionally „Жа by ейте ا‎ ae Further, WATCOM SQL lets 
you achieve high performance results right out of the package without the need for performance 
ei and sine by expert personnel. 
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"BI MU ГЕС 114 y WATCOM SQL s cost-based query optimizer 
and efficient data representation combine to v, high performance. Transaction processing and 
declarative referential integrity protect the consistency of your data. The client/server architecture 
reduces network traffic, Pes in increased a tme for your multi-user applications. 


Scalable SI | ‚ for Now and the Future watcom SQL applications 
can be designed to тип without Даша in environments ranging зн standalone PCs to large multi- 
user networks, The 32-bit WATCOM SQL Network Server Edition unleashes the power of 386/486 
РС s to deliver high performance for large networks with many clients. 

The Best Value in SQL Database Engines watcom” SQL 

for Windows has a = ке retail price of $795* but fora limited m you can get it at the 
introductory price of only $395*. Even better, as a registered user of WATCOM SQL you'll be able 
(0 “ш а бору of > 6-user Network Server Edition for only а ( ра retail price: $795*). 


loyal y-Free Runtime for only $99 ` Asaregistered user you can get 


royalty-free runtime support for just 599%, ‘enablin g you to distribute our standalone single-user 
runtime SQL database engine with your applications royalty-free. 


WAT 7> 1-800-265-4555 
The Leader in Development Tools 


thlights 


ODBC Level 2 en 
 Bullt-in declarative referential 
and entity integrity 
> Visual Basic Interface 
> Bi-directional, scrollable, updatable cursors 
р Row-level locking 
> ANSI SQL and IBM SAA compatible 
> Full transaction processing support with checkpoint log 
and forward transaction log 
* Multiple simultaneous application connections 
> Symmetric multi-threading of concurrent requests 
> Import data from popular file formats including DBF 
> Automatic use of expanded and extended memory to 
improve performance 
> Static and dynamic embedded SQL interface for use with 
WATCOM's 16 and 32-bit C/C++ compilers, and other 
popular C/C+ + compilers 


Also available: 
\МАТСОМ SQL Developer's Edition for DOS 
Complete Client/Server Development Tools Package for 
DOS including Standalone Single-user SQL Database 
Engine. Enables development and deployment of single-user 
standalone applications, and development of applications for 
use with the WATCOM SQL Network Server Edition. 


WATCOM™ SQL Network Server Edition 


High-performance Multi-user SQL Database Server 
for PC LANs. Supports multiple concurrent DOS or 
Windows clients in a network environment. 


WATCOM, 415 Phillip Street, Waterloo, Ontario, Canada, NAL 3X2. Telephone: (519) 886-3700, Fax: (519) 747-4971. ‘Prices do not include freight and taxes where applicable. Authorized dealers may seil for less. 
WATCOM, and the Lightning Device are trademarks of WATCOM International Corporation. Other trademarks are the properties of their respective owners. Copyright 1993 WATCOM International Corporation. 
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uae á 
eyboard Ci 
Phoenix 1 
602-320-2206 


CALIFORNIA 
Guitar Center 
Berkele 
510-652-6104 


Guitar Center 
Covina 
818-967-7911 


Guitar Center 
Hollywood 
213-874-1060 


Guitar Center 
Lawndale 
310-542-9444 


West L.A. Music 
Los Angeles 
310-477-1945 


Soundware 
Menlo Park 
415-328-5773 


IBM-UTS 
Mountain View 
415-694-3021 


Leo's Pro Audio 
Oakland 
510-652-1553 


Skip's Music 
Sacramento 
916-484-7575 


Guitar Center 
San Diego 
619-583-9751 


Computers & Music 
an Francisco 
415-541-5350 


Guitar Center 
San Francisco 
415-626-7655 


Guitar Center 
San Jose 
408-249-0455 


Banana's at Large 
San Rafael 
415-457-7600 


Guitar Center 
Santa Ana 
714-547-6655 


Electronic Music Box 
Sherman Oaks 
213-465-7593 


Guitar Center 
Sherman Oaks 
818-990-8332 


COLORADO 
Rockley Music 
Lakewood 
303-233-4444 


CONNECTICUT 
Music Education 
Technologies 
Glastonbury 
203-659-1795 


FLORIDA 
Thoroughbred Music 
Clearwater 
813-725-8062 


Computerland of South 


Florida 
Ft. Lauderdale 
305-928-0444 


Ace Music 
North Miami 
305-891-6201 


YRS MIDI Systems 
Orlando 
407-331-6333 


GEORGIA 

Atlanta Discount 
Atlanta 
404-457-3400 


IOWA 

West Music 
Coralville 
319-351-2000 


Kepharts Music 
Decorah 
319-382-3684 


ILLINOIS 

Guitar Center 
Arlington Heights 
708-439-4600 


Guitar Center 
Chicago 
312-327-5687 


Guitar Center 
Chicago 
708-422-1400 


Gand Music 
Northfiled 
708-446-4263 


Sweetwater Sound Inc. 


Fort Wayne 
219-432-8176 


MARYLAND 
Washington Music 
Wheaton 
301-946-8808 


MINNESOTA 
Guitar Center 
Roseville 
612-631-9424 


MISSOURI 
McMurray Music 
St. Louis 
314-428-8600 


NORTH CAROLINA 
The Music Loft Raleigh 
919-872-0331 


NEW HAMPSHIRE 

Ted Herberts Music Mart 
Manchester 

603-623-0153 


NEW JERSEY 

Sam Ash Music 
Cherry Hill 
609-667-6696 


Sam Ash Music 
Edison 
908-572-5595 


Sam Ash Music 
Paramus 
201-843-0119 


NEW MEXICO 
MacBeat 
Santa Fe 
505-473-4929 


NEW YORK 

Sam Ash Music 
Brooklyn 
718-951-3888 


Sam Ash Music 
Carle Place 
516-333-8700 


Sam Ash Music 
Forest Hills 
718-793-7983 


Get Musi M» oday at one of 


these fine 


INDIANA 

IRC Music 
Indianapolis 
317-849-7965 


The Woodwind 
& the Brasswind 
South Bend 
219-272-8266 


KANSAS 
Senseney Music 
Wichita 
316-262-1487 


MASSACHUSETTS 
E.U. Wurlitzer 
Boston 
617-738-7000 


assport rt Dealers 


Sam Ash Music 
Hicksville 
516-932-6400 


Sam Ash Music 
Huntington Station 
516-421-9333 


Sam Ash Music 
New York 
212-719-2299 


Sam Ash Professional 
New York 
212-719-2640 


Sam Ash Music 
White Plains 
914-949-8448 
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OHIO 

Buddy Rogers Music 
Cincinnati 
513-931-6780 


OKLAHOMA 
Saied 

Tulsa 
918-742-5541 


OREGON 

CCLI 
Portland 
503-257-2230 


Portland Music 
Portland 
503-226-3719 


The Synthesis/MIDI 
Workshop 
503-253-2866 


TENNESSEE 
Sam's Music 
Brentwood 
615-371-5000 


VIRGINIA 
Guitar Center 
Arlington 
817-227-3510 


TEXAS 

Brook Mays 
Keyboard Superstore 
Dallas 

214-392-3490 


Brook Mays Music 
Pro Shop 

Dallas 
214-631-0923 


Guitar Center ' 
Dallas 
214-960-0011 


Guitar Center 
Houston 
713-952-5070 


H & H Music 
Houston 
713-531-9222 


ТАН 

Wagstaff Music 
Murray 
801-261-4555 


WASHINGTON 
American Music 
Seattle 
206-633-1774 


Evans Music 
Seattle 
206-363-6851 


Music City 
Spokane 
509-482-0671 


WISCONSIN 
Cascio Music 
New Berlin 
414-786-6249 


CANADA 
Musicware 
Distributors Inc. 
(416) 785-3311 


1 
| 
1 
i 
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Create BE 


. Your Sound Card with: 
'MusicTime. 


Whatever. your: ЫСЫ 
ability, MusicTime will 


- inspire you to create your 


own breathy love songs, 


oot-tapping jazz: Or 


head-slammin’ ‘rock n 


roll: With MusicTime 


and: either a sound card 


. 9r a MIDI instrument; 
you can compose, ‚ейи; 
| Noter | | 
“play back. and print, sheet 


music on your PC. 


; Bring Your Music to Life. 


Use your mouse:to. click 


musical — notés. |." and 


symbols ‘onto. a . staff 
sheet. Af уой' ye got! a, 
Miracle” or MIDI kéy- 
= Board, MusicTime will i 
| Xecord and transcribe: . b. | 
your. live. performance ‘into. music notation in real 
dire tight before your éyes! . 

Easy to Play Back, Edit and Print. 

“Play back instantly through your sound card or MIDI: 
“gear. Editing is easy with MusicTime’s cut, copy and 
paste commands. Automatically transpose notes into 
any Key. Add guitar chords. Write beautiful lyrics: 
ЕЕ Print out publishing- -quality sheet music: 


Circle 99 on Inquiry. Card, 


compatible -with The 


| убит nearest computer or 
music: store. If you're: tired of 
jüst'playing games with. your 
Sound сага, gei MusicTime and 
turn your beeps and blasts into 
‘bebop and hip-hop: 


MusicTimé couldn't-bé 
easier: to use. 


Windows, Mac and 


MIDI Compatible. 


MusicTime is; available 


for PC's with: Windows® | 


or the Macintosh; and is 


NI — Наг а А НЕ Но Ч ББ НЕ а pe 2 c 


. Miracle Keyboard, Sound. 


Blaster Pro? Media Vision 
Pro Audio Spectruni: and 
Thunder: Board? SEE 


Gold” inà most OM PC sound cards; 


‘For your copy. of MusicTime, call Passport or visit. 


A 


E 


— EFEREREERFERE 


PASSPORT: 


Passport Designs, Inc. * 100 Stone Pine Rd. • Half Moon Bay, CA 94019 USA * Phone: (415) 726-0280 » Fax: (415) 726-2254 


* Passport MusicTime is a trademark of Passport Designs; Inc. All other products and brands are trademarks or Pui trademarks of their respective holders, 
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News & Views 


REMOTE ACCESS 


Remote Control 
Gets Redirected 


I obile workers who 


want to access data that resides 
on a remote PC or LAN now 
have a wide variety of solutions 
for their communications 
needs, thanks to new programs 
that combine several functions 
in one package. Companies 
like Ocean Isle Software (Vero 
Beach, FL) and Triton Tech- 
nologies (Iselin, NJ) that sell 
remote-control packages are 
adding LAN-redirection capa- 
bilities to their packages, giving 
you the ability to dial into your 
PC on the LAN and access its 
network services at a cost of 
$250 or less. 

Such packages don't offer 
the full range of security or si- 
multaneous multiuser access as 
dedicated products like Shiva's 
$1699 NetModemy/E (see “Net- 
work Modems Dial in, Dial out, 
and Route Packets," November 
1992 BYTE). But they offer an 
inexpensive communications 
solution for the user who wants 
to update and transfer files from 
one system to another. 

One common solution for 
connecting nonnetworked users 
has been remote-control prod- 
ucts like Norton-Lambert's 
Close-Up or Symantec's Nor- 
ton PC Anywhere. With re- 
mote-control software, you take 
over a remote PC system as if 
you were sitting at its keyboard. 
You can view the remote PC's 
screen from your own PC, and 
your keystrokes and mouse ac- 
tions can control the remote 
PCs’ applications, which is why 
remote-control programs are of- 
ten used for technical support 
and LAN troubleshooting. 

Remote-node products take 
a different approach. In prod- 
ucts like the NetModem/E, 
USRobotics’ Communication 
Server 386, and DCA's Re- 
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mote LAN Node software, a 
remote-access server attached 
to the LAN captures network 
packets and forwards them to 
the remote system. There, a 
network driver presents the net- 
work packets to the system as if 
they had been received direct- 
ly from a LAN. This permits 
the remote system to perform 
any network operation (e.g., 
disk, printer, or E-mail) that is 
possible when attached local- 
ly. But remote network opera- 
tions are somewhat slower than 
a LAN-attached node because 
modems usually operate at less 
than 5 percent of the speed of 
an Ethernet network. 

A third category of software 


REMOTE CONTROL | 
inexpensive, software only 


Operation slows execution 
of applications 

Best when accessing large 
files — 

n | | 


Performs any action а remote 
‘postcan do 


Requires understanding of 

remote control to use 

is typified by the LAN-redi- 
rection portions of Triton’s Co/ 
Session, Ocean Isle’s Reach- 
Out, and Traveling Software’s 
CommWorks communications 
package. These software pack- 
ages provide remote access 
without directly giving full ac- 
cess to a remote LAN. Steve 
Dulaney, product manager of 
Comm Works, says that unlike 
products like the NetModem/E, 
which can support multiple si- 
multaneous users, the LAN- 
redirection portion of Comm- 
Works is more for making 
one-to-one connections. But, 
once you've connected to your 
PC on the LAN, he says, "Every 


drive is available, even if it hap- 
pens to be a network drive." For 
small workgroups, products in 
this category provide an inex- 
pensive alternative to more ex- 
pensive dedicated solutions. 
Increasing modem speeds 
coupled with decreasing costs 
should improve the usefulness 
of remote-node products. In- 
expensive integration with op- 
erating-system software will 
increase the acceptance of re- 
mote-node technology among 
users. Remote control still is 
the number-one choice for ap- 
plications such as remote tech- 
nical support and training. 
— Matt Trask 


EUROPEAN COMMUNICATIONS 


Falling Prices Boost ISDN 


T. UNICH — Businesses in Germany are in- 


creasingly turning to ISDN for their telecommut- | 


ing needs. ISDN’s ability to establish connections | ? ; 
in about 1 second, combined with compression f a 


and bridges that can harness many 64-Kbps lines | 


into one channel, make it an attractive LAN-to- а 


LAN networking solution. “Telecommuting ap- | 
plications are, for the moment, the killer applica- | 


tions for ISDN,” says Christian Luhrs, director of 
marketing for CPV-Stollmann (Hamburg). 


One segment of the market ISDN has not yet | 


widely penetrated is the home-to-office arena, part- Ы _ 


ly because ISDN is too expensive for many users. 
But Telekom, a German phone company, is ex- 
pected to reduce the cost of ISDN access this year. 
Acotec (Berlin) offers ISDN for Windows, a 
program that lets Windows for Workgroups users 
establish LAN-to-LAN and PC-to-LAN connec- 
tions over ISDN. Christian Zillich, Acotec’s di- 
rector of marketing, reckons that Telekom is acti- 
vating 15,000 ISDN accesses a month. He says, 
“Five years ago, when ISDN started, people asked, 
"Where are the ISDN end terminals?’ There are 
35 million PCs in Europe. These are the engines." 
—Dave Andrews 


Advancements in full-motion data compression continue 
to improve the performance of videoconferencing 
programs that run over 64-Kbps ISDN lines. For 
example, Teles (Berlin) has developed Teles.Vision, a 
videoconferencing program for Unix that lets you view up 
to four participants (out of a total of 20) simultaneously 
and share documents over ISDN. However, differing 
national ISDN standards in Europe often make it difficult 
to set up a videoconference involving several countries. 
For this reason, 26 public network operators from 20 y 
European countries have agreed to a common ISDN 
called Eura-ISDN. The first products and services to 
support Euro-ISDN will appear this year. 
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At Intel, we’ve become 

experts at measuring PC 

performance. The reason 
for this is quite simple. 
We need ways to accurately measure 
performance in order for our engi- 
neers to develop faster processors. 
Thats why we've worked with other 
companies in the industry to develop 
measurement tools. You can use these | 
same tools to choose the right PC. 


MEGAHERTZ. You should be sure 

LIKE REMS? you're comparing the 
One common misper- | same types of bench- 
ception is that you can | marks when comparing 
compare PC perfor- PCs. One kind measures 
mance by comparing the performance of 


megahertz "P. X . an entire system. 

| ratings or clock fi 2A Another only 
speeds. This is , measures sub- | 
like comparing systems. 


the performance _ In addition, 
| of engines with | 'Ẹ benchmarks 
RPMs instead can be built 


of horsepower. | SEWE , ‘wo different 

| For example, zu  «6Ways—using 
although a small commercial software 
4-cylinder engine may | applications or synthet- 
operate at high RPMs, ically with code that’s 

| it isn’t as powerful asa | written to represent 
big V-8 at lower RPMs. | applications. While 


That's why the industry | mostapplicationsare | 
created benchmarks. several megabytes in 
size, some synthetic 
PERFORMANCE benchmarks are only a 
BASICS. few kilobytes. This 


There are four different | allows them to fit in 
| types of benchmarks. | internal processor 


caches. So they exag- 
gerate processor perfor- 
mance and don't reflect 
real-world results. 


SYSTEM 
BENCHMARKS. 


To compare the perfor- 
mance of an entire 
computer, you should 
use a system benchmark. 
This type of benchmark 
demonstrates how the 
individual subsystems 
in a PC work together 
to achieve overall 
performance for your 
applications. 

One example of a 
benchmark that does this 


— accurately is BAPCOo's 


SYSmark93' for 
Windows: It's an applica- 
tions-based benchmark 
made up of best-selling 
Windows applications 
including word pro- 
cessing, spreadsheets, 
databases, software 
development, graphics 
and desktop publishing. 

BAPCo is a non-profit 
organization comprised 
of 21 hardware and 
software member com- 
panies throughout the 
industry, including Intel. 
To ensure real-world 
performance results, 
BAPCo surveyed users 
about how they are 
actually using these 
applications and incor- 
porated these results into 
their benchmarks. (See 
the charts on back.) 


| perform overall. 


SUBSYSTEM 
BENCHMARKS. 


These benchmarks stress 
a single aspect of a PC's 
performance. They help 
manufacturers "tune" 
each subsystem in a PC 
to work together and 
achieve the fastest 
overall speed. Viewed 
alone, however, they are 
not an accurate measure 
of how a computer will 


Because the 
microprocessor is 
the subsystem most 
responsible for a PC's 
performance, you 
should choose it first 


| using a tool like the 
| jCOMP"" index. The 


other subsystems 
should then be chosen 
based upon your soft- 
ware's needs. (See the 
diagram this page.) 


| 


UBSYSTEM PERFORMAN 


HOW TO MEASURE THE SPEED OF THE SUBSYSTEMS INA PC. 


MEMORY 


SUBSYSTEM 
ON CACHE SIZE AND ARCHITECTURE WHICH ' 
VIDEO PERFORMANCE 15 DETERMINE WAIT STATES. BECAUSE IT 1S LINKED MANY OF TODAY'S HARD DISKS 
DETERMINED BY THE GRAPHICS CHIP SET TO THE MICROPROCESSOR, IT 1S BEST MEASURED INCORPORATE DISK CACHES WHICH 
AND WHETHER OR NOT IT’S ON A LOCAL BUS. BY A GOOD CPU BENCHMARK LIKE SPECINT92, INCREASE THROUGHPUT. YOU CAN SIMPLY 
ZiFF DAVIS LABS" WINMARK TEST IS A GOOD LANDMARK 3.0 OR ZD LABS? PC BENCH 7. COMPARE ACCESS TIMES OR USE MOST PC 


MEASURE OF THIS PC SUBSYSTEM. UTILITY PROGRAMS TO ACCURATELY TEST 
а = : = DISK ORIVE PERFORMANCE. 


Bus 
THE ABILITY TO TRANSFER INFORMATION 

QUICKLY BETWEEN THE PROCESSOR AND OTHER 

SUBSYSTEMS 1$ VITAL TO OVERALL SYSTEM PERFOR: 
MANCE. THIS 15 MEASURED BY BUS THROUGHPUT. 

ADVANCED BUSES LIKE THE PCI 205 CAN TRANSFER 

INFORMATION AT 132МВ/ЅЕС AS COMPARED TD | 

SMB/SEC FOR THE ISA Bus. 


е Пит 
rrocessor-66 


COMPOSITION 
THE ICOMP INDEX IS A WEIGHTED 
AVERAGE OF SEVERAL WELL-ACCEPTED 
INDUSTRY-STANDARD BENCHMARKS, EACH 
MEASURING A SPECIFIC ASPECT OF 
PROCESSOR PERFORMANCE. 


"T I i ы E = gum, | А - y | 8 m pe ` | A і ај на | - Pn | lam V ams EP" а 
ГНЕ ІСОМР'" INDEX. COMPARI! INTEL MICROPROCESSORS. 
MEGAHERTZ RATINGS ARE NOT AN THAT’S WHY INTEL DEVELOPED THE iCOMP™ THE iCOMP INDEX REPRESENTS INTEL 
ACCURATE MEASURE OF MICRO- INDEX. IT’S AN EASY, RELIABLE WAY TO PROCESSOR PERFORMANCE ON TYPICAL 
PROCESSOR PERFORMANCE. OTHER COMPARE THE RELATIVE PERFORMANCE OF DESKTOP APPLICATIONS, SAVING YOU THE 
ELEMENTS HAVE AN EFFECT ON SPEED. FOR INTEL PROCESSORS. TIME OF READING AND UNDERSTANDING 


па te € ге 
EXAMPLE, AN INTEL486™ PROCESSOR HAS iCOMP STANDS FOR THE INTEL COMPARATIVE MULTIPLE BENCHMARKS, PLUS, IT’S “FOR 


- WARD NG.” IT 16н5 16-BiT 
LARGER CACHES, FLOATING POINT OPERA MICROPROCESSOR PERFORMANCE INDEX. RD LOOKING.” IT WEIGHS B 
TIONS AND THE AGILITY TO EXECUTE ONE PERFORMANCE 70 PERCENT AND 32-BIT 


INSTRUCTION INAS LOCK CYCL STS AUT AN OOSTR? RENEE PERFORMANCE 30 PERCENT. THUS, IT 
NETEUSTTUN UA SINGLE E bem RATHER, IT'S AN INTEL-DEVELOPED TOOL Р ‚ THUS, 


THESE ADVANCEMENTS МАКЕ IT RUN FASTER FOR COMPARING THE PERFORMANCE OF REPRESENTS TYPICAL USAGE DURING THE 


та - NEXT TO FIV е 
THAN AN INTEL386G'" PROCESSOR. EVEN IF OUR Икана ЕЕ: EXT THREE TO FIVE YEARS 
BOTH PROCESSORS ARE RUNNING AT 33MHz. 


C -————— — 


IN GENERAL, THE FASTER THE PROCESSOR, 
THE FASTER THE COMPUTER... 


400 
350 
300 
250 
200 


SYSmark 


Pentlum™ 14867 ОХ2-66 1486 DX-50 1486 DX-33 1386™ DX-33 
Processor 


BAPCo's SYSmark92* 
results for different Intel 


processors: —— — 


AS YOU CAN SEE, THESE BUS 
SYSTEM BENCHMARK RESULTS ARE 
SIMILAR TO THE ICOMP'" INDEX 
RESULTS INSIDE. THIS SHOWS 


HOWEVER, PCS WITH THE SAME PROCESSOR 


| 


SYSmark 


DON’T ALL PERFORM THE 


SAME. 


Ail intel486™ DX2-66 processor-based systems. 


It has been said that a 
chain is only as strong 
as its weakest link. 
Although the processor 
is the vital component 
in a computer, other 
subsystems can have a 
dramatic effect on over- 
all performance. In fact, 
depending upon sub- 
systems like disks, 
memory and video, the 
performance of PCs 


with the same processor | 


| can vary by up to 


'Source: BAPCo's SYSmark92 complete report. 


100 percent. Even with 
the same components, 
system performance can 
be enhanced through 
disk caching software 
and BIOS enhancements. 


Subsystems should be | 


chosen based upon your 

software: 

* Video— Better video 
subsystems will boost 
the performance of 
Windows and graphic- 
intensive applications. 

e Disk—Faster disk 


SYSmark92 results for 
Intel486™ DX2-66 
processor-based systems! 


drives will boost the 
performance of appli- 
cations like databases. 
e Метогу—А better 
memory subsystem, a 
more efficient cache 


In 


HOW THE iCOMP INDEX CAN BE 
USED TO EASILY COMPARE THE | 
PERFORMANCE OF COMPUTERS | 
WITH DIFFERENT PROCESSORS. | 


THE OVERALL PERFORMANCE OF 
A PC DEPENDS UPON THE ENTIRE 
SYSTEM—NOT JUST THE MICRO- 
PROCESSOR. THAT'S WHY IT'S 
IMPORTANT TO CHOOSE A PC 
WITH WELL-TUNED SUBSYSTEMS. 


and faster RAM speed | 
increases the perfor- | 

| mance of all applications, 
especially calculation- 
intensive ones like 
spreadsheets. 


©1993 intel Corporation. *All products mentioned | 
are trademarks of their respective companies, | 
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Low-Cost Data Acquisition 


HOWARD EGLOWSTEIN 


ne of the most frequently asked questions in 
the Internet PC newsgroups is, "How до I get 
access to the serial/parallel ports on my PC?" Products 
such as LapLink and the many parallel-port tape/disk 
drives on the market make using these ports look easy. 
But building your own data acquisition interfaces is far 
from trivial, unless you have a good reference like 
Jeffrey Hirst Johnson's Build Your Own Low-Cost 
Data Acquisition and Display Devices. Johnson starts at the beginner's level, 
explaining the basics of data transmission and exposing the inner secrets of your 
PC's serial and parallel ports. 

Along the way, you'll learn how the PC's interrupt system works and that the 
standard, yucky old parallel port on the original IBM PC is capable of 8-bit bidi- 
rectional data transfer without any modifications. Several different approaches 
to using the printer port come up in discussion. T' ve seen some of these used in 
commercial products but have never seen such a thorough discussion of all of them 
in one place. Plenty of working code is provided in assembly language and Tur- 
bo Pascal. 

You'll also learn about ADCs (A/D converters) and the complementary D/A 
conversion process and put them to use building your own digital multimeter. The 
design includes remote control of and acquisition from the multimeter through 
your ( you guessed it) serial and parallel ports. Perhaps you don't need to build a 
PC-controlled mousetrap but simply want to know how | — 
those LapLink guys can move data so quickly, This book BUILD YOUR OWN LOW-COST 


will tell you all you want to know and more. Ш | ИТ ШЫ" 2 
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BYTE Lab testing editor Howard Eglowstein has built a notebook 
battery-testing device—affectionately called Thumper—for the 
BYTE Lab, You can reach him on the Internet or BIX at heglow- 
stein bix.com. 


WHAT ARE OPEN SYSTEMS? 


OPEN SYSTEMS: THE REALITY by Terry A. Critchley and K. C. Batty 
Prentice-Hall, ISBN 0-13-030735-1, $40 


s Critchley and Batty demonstrate at the beginning of their book Open 

Systems: The Reality, the one thing that seems too open is the definition of 
the phrase open systems. The definition that you receive may be nothing more than 
a rephrasing of “Buy our system; we are open for business." But as the authors 
point out, actual standards have been written that specify what open systems 
can mean in a valuable way. 

This book traces the history of each standard and organization. It also gives an 
overview of what each standard involves. Of particular note is the history and char- 
ter of X/Open and the OSF (Open Software Foundation). Now that the Unix 
trademark is controlled by X/Open, there will be more pressure to move to Unix 
certification rather than just being satisfied with Posix compliance. Open Systems: 
The Reality is written for information systems managers as well as the technical 
people who plan on implementing edicts for open systems. It provides an overview 
of the subject while still providing enough technical content that you can un- 
derstand the differences between competing standards. 

—Ben Smith 


Books & CD-ROMs 


М 
AN IMPROVED ENCARTA 


MICROSOFT ENCARTA 94, $395 


L^ year, the Encarta electronic ency- 
clopedia set a standard for multimedia 
CD-ROM. Now, Microsoft has topped itself 
with Encarta 94, a significant improvement of 
an already-great Windows product. 

Encarta is based on the full text of the 29- 
volume Funk & Wagnail's New Encyclope- 
dia, but this is just the starting point. Mi- 
crosoft has added video and audio clips, 
animations, photos, interactive maps, and 
more around an easy-to-use interface. You 
can find any of the 25,000 articles using key- 
word searches or by browsing through cate- 
gory lists. 

The real power of the product, however, 
lies with its interactive nature. Visual cues 
such as highlighted text, menu buttons, and 
icons lead you through the components of a 
given topic (e.g., text, video, and map) or 
through various levels of related topics. Ex- 
porting text is a simple matter of copying it to 
the Clipboard. 

With many multimedia CD-ROM titles, 
the various elements seem to have been put to- 
gether with baling wire and chewing gum. 
Transitions are choppy, and the interfaces are 
often confusing. This is not the case with En- 
carta 94. You can navigate smoothly and log- 
ically from text to video to other hyperlinked 
references and back again without getting 
lost. 

The material is up to date, as you would 
expect with an electronic medium. The ever- 
changing boundaries of Eastern Europe and 
the former Soviet empire are mostly current, 
for example. 

To get the most out of Encarta, you need 
an МРС 2-compatible system (although it 
will run on MPC 1 systems). This means you 
need at least a 4868 X CPU, a double-speed 
CD-ROM drive, and a good sound board and 
speakers. ў 

As a general reference for the home or 
small business, Encarta 94 is a great value. 
It is not, nor is it intended to be, the last word 
on any given topic it covers, but you will be 
entertained by the way in which the informa- 
tion is presented. 


—Michael Nadeau 
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Circle 61 on Inquiry Card (Resellers: 62). 


Don’ T PROGRAM Үүттнойт IT 


PC Intern is a literal encyclopedia 
of DOS knowledge. This book has been 
read and valued by more than 250,000 
programmers worldwide. Whether 
programming in Assembly language, 
C, Pascal or BASIC, you'll find dozens 
of practical, parallel working examples 
in the pages of PC Intern. 

This book clearly describes the 
technical aspects of programming 
under DOS, through version 6.2, and 
also includes updated information 
on programming for the Pentium ™ 
processor. 

Many PC Intern readers say this book is worth its weight in gold, 
which, at 1300 pages, makes it very valuable, indeed! 


Covers Vital Information for Software Developers: 
Memory . Interrupts , *COM and EXE programs * DOS structures 
and functions * TSR programs * Writing device drivers * 
Programming video cards * Processors, the motherboard, 
controller, busandchipsets (NEAT)* Programming the keyboard, 
and parallel and serial ports * DOS and Windows * Promp ping 

and programming the real time clock * EMS and extend ] 


memory information ®! Sound onthe pce Network Pro grammin 
with DOS - NETBIOS: and Novell IPX/SPX“ *New DU ees 
appendices and much, much more! — — | 
Available at your bookseller о 
Order Toll Free at 1-800-451-4319 Ext 21 $ 95 
ТИЕН 
Item #B 145 


© ЇЙЇ 


5370 52nd Street SE * Grand Rapids, MI 49512, Dept. ВІ 


ISBN 1-55755-145-6 
Includes Companion diskette 


Copy гед... 


Order your 
evaluation 
package 
today! 


We are 
looking for J 
international 

distributors Ё 
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v те ultimate copy protection system 
і и WIBU®-BOX for LPT, COM or as card for 
B (E)ISA slots and as PCMCIA-Card 
[ v Protection for DOS, Windows and networks 
without requiring source code modification 
y Support of OS/2?, Win32s, Windows NT 


m 


WIBU-SYSTEMS GmbH іл USA and Canada please contact: 
Rueppurrer Strasse 54 Southwind Intemational Inc. 

D-76137 Karlsruhe, Germany P. O. Box 308, Brookeville, MD 20833 
Phone: +49-721/376357 Phone: (301) 570-3497 

FAX:  449-721/377455 FAX: (303) 570-4773 
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Books & CD-ROMs 


DUELING DICTIONARIES 


IBM DICTIONARY OF COMPUTING compiled and edited by 
George McDaniel McGraw-Hill, ISBN 0-07-031488-8, $39.50 


THE NEW HACKER’S DICTIONARY, SECOND EDITION compiled 
by Eric S. Raymond MIT Press, ISBN 0-262-68079-3, $14.95 


ou can judge a book by its cover. The JBM Dictionary of 

Computing is just what you'd expect: a serious, "just the 
facts, ma' am" reference on computer terms. The second edition 
(which adds 250 definitions and updates another 150) of The 
New Hacker's Dictionary, however, knows how to have fun with 
the language. 

The two, in fact, have little in common except the word dic- 
tionary in their titles. That's OK, though, because each serves a 
different purpose. The 18,000-definition IBM Dictionary is as 
solid and up-to-date a reference on the vocab- 
ulary of computing as I've seen. It does cater to 
IBM-specific terminology, as you would ex- 
pect from the title, but not at the expense of jar- 
gon at large. The New Hacker’s Dictionary is a 
colorful celebration of hacker slang and con- 
tains few of the terms in the /BM Dictionary. 

One word you do find in both is bug. The 
IBM Dictionary defines it as "an error in a pro- 
gram." The New Hacker's Dictionary devotes over a page to it, 
айй not only its roots in hackerdom, but also pointing out 
that a bug was considered a flaw in something 
prior to the age of computers. This historical 
perspective exists throughout the book and 
makes The New Hacker's Dictionary both a good 
recreational read and a reference. 

Anyone who deals with technical literature 
will find the JBM Dictionary of Computing in- 
dispensable. Anyone interested in hacker cul- 
ture will enjoy browsing through The New Hack- 
er's Dictionary. I intend to hang onto both. 

—Michael Nadeau 
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FOR FIRE WALKERS ONLY 


SENDMAIL by Bryan Costales, Eric Allman, and Neil Rickert 
O’Relily & Associates, ISDN 1-56592-056-2, $32.95 


t all started as a student’s programming project in the early 
1980s at the University of California at Berkeley; it ended up 
being the worldwide standard for Internet mail routing. The pro- 
gram is called sendma i1. At last, there is comprehensive doc- 
umentation on how to administer it — Sendmail, the book. 

The program and its rule description file, sendmail.cf, 
have long been regarded as the pit of coals that separated the 
mild Unix system administrators from the real fire walkers. Now, 
sendmail syntax, testing, hidden rules, and other mysteries 
are revealed. Costales, Allman, and Rickert are the indisputable 
authorities to do the text. B 


—Ben Smith 
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COLORADO TAPE BACKUP 


Colorado Tape Backup 
vs. floppy disk stackup. 


May We Sugzest 
The Stack on the Right. 


You need to protect your data. With 
today's bard disk capacities backing up on 
floppy could take 80, 100, even 200 or 


more diskettes and several hours. WB 


Colorado Memory Systems bas a better way. 
Colorado Tape Backup.W Your data Is 
your most valuable asset, Independent 
studies show that recovering lost data can 
lake as long as 42 days, costing as much as 
398,000". And only 6% of businesses 
survive more than two years after major 
data loss. B Colorado tape backup Is 
the easlest and most rellable way to 
protect your data, With dozens of awards 
and more recommendations by users, 
resellers, and editors than all otber backup 
systems combined, nothing else stacks up to 
Colorado. W Explore Colorado Tape 
Backup Solutions today. Visit your 
dealer or call 1-800-451-0897, extension 
727 for details. WI 


Capacities from 120 MB to 4 СВ” 


* Source: ЮС = Capacity using dats compression. © 199% Colacsdo Memory Systems, Inc. АЙ rights reserved. 
INC. Colorado and Jumbo sre tradezuria of Colorado Memory Spaems Inc. АЙ other trademarks are property of their sespeaive companies. D/B-BYTOSO3 
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He just 
bought an 


and saved big топеу. 


MENoTEBOOKS 
MODEL SN425C 


LIGHTWEIGHT 


e 486SX, 25 MHz, 
SL-Enhanced 


e 4MB RAM 
e 170MB hard disk 


e 7.8" STN color screen 

e 1 PCMCIA slot, Type Il 

e Parallel and serial ports; 
external keyboard, monitor 
and diskette drive ports 


e 86-key keyboard 


e Integrated 16mm trackball 


• Suspend/Resume 
* NiCad battery 


* MS-DOS® 6.0, 
Windows™ 3.1 


e 4 165, including battery. J^ f 
$1,899 


[Monochramg models available 
at $1,393.- With external 3.5" 
[ААН diskette drive, add $99.) 


MODEL S4a00% 


и 48602, 50 MHz s 


m 4MB RAM 


п 128KB processor cache 
m 35' 1.44MB 


diskette drive 

п 340MB hard disk 

п 3 ISA slots (2 VESA on 
local bus) 

и 3 storage bays 

п Windows accelerator, 
1MB video memory 

п 14° SVGA color 
monitor, LR 


m MS-DOS 6.0, 
Windows 3.1, mouse 


41.099 


Free customization. 
AMBRA custom-configures to your 
exact specs — with no extra service 


More systems to 


choose among! Call soon! 


You CAN have it all! 


Model D466DX 


• 486DX2, 66 MHz 
e 8MB RAM 


e 256KB processor cache 
e 3.5" 1.44MB diskette drive 


e 340MB hard disk 
e 8 ISA slots 
° 6 storage bays 
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For HOT computers at 


DESKTOPS bh» 


e Windows accelerator, 1MB video 


memory 
e 2X CD-ROM drive 


e 15" Flat Square color monitor, LR,NI 
e MS-DOS 6.0, Windows 3.1, mouse 


hold-onto-your-cash 


prices, call AMBRA: 


$2,495 foo ватана 


charge 
and no 


In Canada? call 1-800-363-0066, Ext. 4912 


Firm confidence. 

Every AMBRA comes with a 30-day 
money-back guarantee and a one- 
year limited warranty. An optional 
IBM® one-year onsite warranty is also 
delay. available! With either warranty, you 
can rely on toll-free technical support 
around the clock. 


м т E B o o K 5 ! 
e 486DX2, 50 MHz • 86-key keyboard 
е 4MB RAM * integrated 16mm trackball 
• 3.5" 1.44MB diskette drive e Suspend/Resume 
e 200MB hard disk * NiCad battery 
e 9.5" STN dual-scan color screen • MS-DOS 6.0, Windows 3.1 . 
e 1 PCMCIA slot, Type Ill e 6.6 Ibs, including battery 
* Parallel and serial ports; external 
keyboard and monitor ports $2,699 


MOOEL HG 


= 486 Blue Lightning?” 66 MHz 


a Upgradeable to Intel® Pentium" 
technology 


2 4MB RAM 

в 256KB processor cache 

= 3.5" 1.44MB diskette drive 
2 340MB hard disk 

= Onboard SCSI 


= 5 16-bit ISA slots (2 VESA on 
local bus) 


в Windows accelerator, 1MB video 
memory 


= 15" Flat Square color monitor, LR, NI 
= Network-ready (Ethernet 10BaseT) 
= MS-DOS 6.0, Windows 3.1, mouse 


УЙ 


(For 8 x 6 minitower, add $75.) 


MODEL. DP60O/PCI 

e INTEL PENTIUM PROCESSOR, 60 MHz 

e G4-BIT DATA PATH 

e 8MB RAM 

e 256KB PROCESSOR CACHE 

e 3.5" 1.44MB DISKETTE DRIVE 

e 340MB HARD DISK 

e 4 ISA, 2 PCI, 1 POVISA SLOT 

e 6 STORAGE BAYS 

e PCI GRAPHICS ACCELERATOR, 2MB DRAM 
e 14" SVGA COLOR MONITOR, LH 

e MS-DOS 6.0, WINDOWS 3.1, MOUSE 


$2,799 


Full convenience. 

To place an order or get more infor- 
mation, just call any weekday 8 am to 
9 pm, or Saturday 10 am to 6 pm (ET). 
We accept Visa® MasterCard® and 
American Express® — as well as 
purchase orders from qualifying 
businesses. Pick up the phone today! 


} Please call tor details regarding AMBRA's money-back guarantee and limited warranty, and IBM onsite warranty. Retum shipping and insurance charges are the responsibility of the customer. Onsite service may not be available in certain locations. 
Oflerings may differ in Canada 

© 1993 AMBRA Computer Corporatian. АМВАА is a trademark of ICPI Ltd. and used under license therefrom. The AMBRA logo and logotype are Irademarks of AMBRA Computer Corporation. IBM is a registered trademark and Blue Lightning Is а 
trademark of International Business Machines Corporation. MS-DOS is a registered trademark and Windows is а trademark of Microsoft Corporation Intel 15 a registered trademark and Pentium is a trademark ol Intel Corporation. All other product 
names are trademarks or registered trademarks of their respective suppliers. Offerings, prices and products are subject fo change without prior nolice. Prices do not include shipping. 


Of the many computer-related products and technologies 

that debuted in 1993, only 71 earned BYTE Awards. 

These winners set the standards for innovation and 
price/performance, and a few are harbingers of things to come. 


very year, thousands of new products and technologies appear. Some fade into ob- 
scurity while others become commercial successes, but only a very few represent im- 
portant breakthroughs in innovation. These latter products and technologies often 
serve as industry catalysts; they point the way for other innovative products. 

BYTE editors are in a unique position to observe and evaluate these breakthrough 
products. Multiplatform in nature, BYTE has no inherent biases toward any one op- 


erating system or CPU. We rate the products, using a nomination and voting process, based on their 
level of innovation and market impact. (For a full description of the selection process, see the text box "How 


BYTE Selected the Best" on page 48.) 


BYTE Awards are three-tiered. The Award of Excellence is the highest honor, followed by the Award 


of Distinction and the Award of Merit. 


Reading the Tea Leaves 
There are three strong trends reflected by this year's voting: a 
platform shift in terms of both CPU and operating system, CD- 
ROM's coming of age, and the changing face of communica- 
tions. The latter includes both wireless connections and video- 
conferencing. 

By far, 32-bit processors and operating systems dominated 
the voting. The three top vote-getters were the IBM/Apple/Mo- 
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torola PowerPC 601, IBM's OS/2 2.1, and Intel's Pentium proces- 
sor. Microsoft's Windows NT was not far behind. Furthermore, 
other products and technology for supporting a 32-bit environ- 
ment—Microsoft’s OLE 2.0 and the PCI 2.0 bus standard— 
were Award of Excellence winners. The Silicon Graphics Indy, 
a 64-bit Unix workstation, was also ranked highly. 

Companies considering a platform shift want to do so with 
minimal expense and stress. This means maintaining the ability 


to run important in-house and commercial applications that are 
already developed and owned. NT and OS/2 offer compatibility 
with Windows and DOS applications, and the Pentium and Pow- 
erPC processors provide the horsepower to drive the new 32-bit 
applications in addition to existing applications. 

Eventually, though, existing applications need to move to new 
hardware and operating-system platforms. The tools to do the 
job are also among our award winners: They include Watcom 
C/C++ 32, Borland C++ 3.1, Microsoft Visual C++ for Win- 
dows 1.0, and Symantec’s C/C++ 6.0. 

This trend was very predictable. Processor-performance im- 
provements are outpacing price increases by a wide margin, and 
today’s graphical applications always find a way to use the extra 
power. Couple a Pentium or PowerPC with OS/2 or Windows NT, 
and you have an extremely powerful multitasking system that 
has the ability to run non-native applications at a respectable 
speed. 


CD-ROM Shows Its Stuff 
CD-ROM has been around since the mid-1980s, but until re- 
cently its use has been relegated to niche applications. Two events 
have helped to change this: the advent of recordable CDs and a 
quantum leap in the quality of consumer 
and business titles. You can now ex- 
pect, for example, tightly integrated | 
and intelligently designed multimedia 
software. Four award winners exem- 
plify why CD-ROM is becoming so 
popular. 

Two software titles, Voyager’s A 
Hard Day’s Night and Microsoft’s En- 
carta 1994 Edition, show off the po- 
tential of CD-ROM as an ideal multi- 
media medium. This is not just due 
to the inherent ability of CD-ROM 
drives to play multiple data types; a 
great deal of credit goes to the devel- 
opers at Voyager and Microsoft for | 
creatively putting those abilities 
to use. Both effectively use audio, 
video, hypertext, and more to signifi- 
cantly enhance the delivery of infor- 
mation. 

We also gave awards to two CD- 
ROM drive products. The JVC Per- 
sonal RomMaker is an affordable 
CD-R (compact disc recordable) drive. 
The product brings greater ease of use 
and reliability to the medium—quali- 
ties badly needed for CD-R to gain 
wide acceptance. Affordable record- 
able drives open up a lot of pos- 
sibilities for corporate in-house 
publishers. For them, CD-ROM 
is now a viable medium for in- 
ternal or external data distribu- 
tion. 

Speaking of getting data out 
to the troops, Pioneer’s Award 
of Merit-winning DRM 604X ` 
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is a slick six-CD-ROM minichanger designed for network use. 
Featuring a 600-KBps transfer rate, this product is a fast means 
of sharing CD-based data among a staff's members. 


New Ways to Communicate 

The way in which people use computers to communicate is chang- 
ing in two ways. "Anytime, anywhere" communications is here, 
enabled by small, wireless devices such as the new PDAs (per- 
sonal digital assistants) that were announced in 1993. These de- 
vices are designed to act as mobile nodes for faxing, E-mail, and 
paging. 

From a product standpoint, we thought that the current crop of 
PDAs were seriously flawed. However, we did give Apple an 
Award of Excellence for some of the technology embedded in its 
Newton MessagePad. Specifically, its Newton Intelligence op- 
erating system is a strong backbone on which to build a power- 
ful communications and computing device. 

Though not technically a PDA, the Award of Merit winner 
Eo Personal Communicator 440 is an impressive example of 
what a small communications device can do today. It serves as 
your own personal cellular phone, portable fax machine, and 
daily organizer, all wrapped in an easy-to-use package. 

continued 


JANUARY 1994 BYTE 7 


How BYTE Selected the Best 


The BYTE Award winners were selected through a democratic 
process. All BYTE editors, including staff, consulting, and con- 
tributing editors, participated, BYTE licensees around the world 
(who reprint BYTE editorial material in the native languages of 
their respective countries) also participated. 

The process begins with nominations. To be eligible, a prod- 
uct or technology must have been introduced since the previous 
year's award process ended (i.e., early October) and be likely to 
ship to users by the end of the current calendar year. We judge 
the likelihood of a nominee's shipping based on the vendor's an- 
nounced shipping date and the apparent maturity of the product 
or technology. Nominated products must have been covered or 
have planned coverage in BYTE. 

А nominated product should be one that breaks new ground in 
terms of new technology, performance, price, or innovative use 
of existing technology. Ап editor can nominate only products 
that he or she has had hands-on experience with and is reason- 
ably sure will perform as advertised. 

After the nomination process, every editor and licensee re- 
ceives a ballot listing all the nominated products and technolo- 
gies. Each voter then selects what he or she believes to be the 10. 
most significant products of 1993; a voter may pick fewer than 
10 if he or she chooses. 

Awards of Excellence, Distinction, and Merit are assigned 
based on the number of votes received. Cut-off points for each 
award are determined according to how the votes are distributed 
along a curve. 


Powering the Eo is AT&T's ATT92010 Hobbit processor, an 
Award of Distinction winner. The Hobbit is a powerful RISC 
processor designed specifically for small communications de- 
vices such as the Eo. It can crank out 13 MIPS or more, yet run 
comfortably for an hour or more on battery power. 

The other side of the communications trend is visual. Thanks 


awards, for products ranging from its Continuous Speech Series 
speech-recognition technology to its OS/2 2.1 operating system. 
The company continues to show leadership in notebook PCs, 
winning awards for the ThinkPad 750C and ThinkPad 500. The 
PowerPC 601, which IBM co-developed with Motorola and Ap- 
ple, was the biggest overall vote-getter by a wide margin. 

Also making strong showings were Adobe, Silicon Graphics, 
and Hewlett-Packard. Adobe shines in the area of graphics soft- 
ware, winning awards for Photoshop 2.5 for Windows and Mac- 
intosh and Premiere 3.0 for Macintosh. Its Award of Excel- 
lence-winning cross-platform document-interchange software, 
Acrobat, promises to revolutionize electronic publishing. 

Silicon Graphics is also known for graphics, but from the hard- 
ware side. Videoconferencing capability aside, its Indy is a pow- 
erful, inexpensive graphics workstation. The RealityEngine' is 
very expensive at about $80,000, but nothing else comes close to 
delivering its graphics and video capabilities on a workstation- 
class system. 

Hewlett-Packard won three awards, all Awards of Excellence. 
As you would expect, two of those winners were printers: the 
LaserJet 4L and the DeskJet 1200C. HP's innovative OmniBook 
300 subnotebook was the company's other winner. 


Past and Future Predictions 

Last year, we predicted that Mac software would rebound in the 
award standings but still not overtake Windows. Windows ap- 
plications garnered more than three times the number of Mac 
awards last year. This year, Windows applications received less 
than twice as many awards as Macintosh applications. As we 
said then, Windows had a lot of momentum—and it still does— 
but the Mac hardware and operating system offered some tech- 
nological advantages to software developers. 

We also told you to look for the next-generation notebooks 
and subnotebooks. This year, twice as many portable systems 
as desktop systems won awards. Most of them were notebooks or 
subnotebooks. This generation of award winners is more powerful 
than the previous generation and is easier to use. 

What do we predict for next year? Look for powerful new 
portable and desktop systems based on this year's award-winning 
processors. At this writing, the first PowerPC systems have been 


to Apple and Silicon Graphics, you can now 


announced. System vendors should soon start 


buy a PC with built-in videoconferencing LIJALO taking full advantage of Intel s Pentium as 


capability. Videoconferencing is not for ev- 
eryone—yet. We believe, however, that the 
Silicon Graphics Indy and the Mac Quadra 
840AV, along with the Mac Centris 660AV, 
are milestone products. People will look back 
on them as the beginning of a trend to inte- 
grate video capabilities on the desktop. 


The Biggest Innovators 
А few companies stood out as leaders in in- 
novation for 1993. At the top, Microsoft tied 
with Apple for the highest number of awards: 
seven. All of Microsoft's awards were for 
software products—three for operating sys- 
tems, and two each for applications and de- 
velopment tools. Four of Apple's awards were 
for systems. 

IBM made a strong showing with five 
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well. Low-power versions of these proces- 


Heating Up sors will inspire a new generation of note- 
ORE book PCs. 
32-bit operating systems We also expect to see new applications (as 
Subnotebook PCs well as ports of old ones) for Windows NT, 
РЯ OS/2 2.1, and other 32-bit operating systems 
ED ing on RISC-based Th 
Color printing running on -based processors. These ap- 
С++ plications could create new performance stan- 
| i f jw ч 
Cooling Off dards especially for graphics-related func 
Pen computing tions. 7 а . 
CISC Wireless communications is another area 
UL Spies, systems to watch. Wireless technology is advancing 
ee Pog rapidly, and some of the regulatory and struc- 
Floppy disks tural barriers to using it are beginning to fall. 
| Мероя от printing In 1994, you might see the first wireless prod- 


ucts and services that are practical for every- 
one to use. 
—Compiled by Michael Nadeau 
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BECAUSE WHEN THE 
POWER DIPS, ITS 
NOT WHAT YOU PAID 
FOR YOUR UPS 
THAT'S IMPORTANT, 
ITS WHAT IT DOES - 


$0 LET'S TALK ABOUT 
FEATURES... 


The MINUTEMAN ALLIANCE 
A500 keeps your network 
safe from brownouts, the most 
‘common power problem. Our 
line-interactive technology 
continuously monitors and . 
provides an automatic boost 
whenever power dips. This 
important feature prevents 
frequent battery usage, saving 
the battery for more severe 
power problems. 
Other important features 

that make the MINUTEMAN 
A500 stand out are a 500 VA 


e & $9 0990809098599 EE EEG 


. SINCE OUR UPS COSTS LESS, 
LET'S FORGET ABOUT PRICE 
FOR A MINUTE...MAN 


€-€950690099»0€9€84902020906€06€2282$25^2690€8 


rating, extensive status | 
indicators and a Test 
button so you can 
confirm that the UPS is 
doing its job. A Site 
Wiring Fault Indicator is 
included to let you know: 
if there is a problem | 


| with grounding or other | — 


on-site electrical wiring | 
problems that could be 
catastrophic. 

The Alliance A500 is 
compatible with —_ 
MINUTEMAN's | 
LanMaster unattended 
shutdown software for 
all operating systems to 
further protect your net- | 
work, even when yov're | 
not there. І 

If all UPSs were priced 
the same, the choice 
would be easy based 
only on features. But 
when you compare 


prices, the choice becomes even . 


more obvious. 
We don't believe you'll pay 


25% more for a product that 


gives you less. Call our POWER 
HOTLINE now and find out how 
to get more UPS for less. 


1-800-238-7272 


Minuteman's product line includes UPSs and 


Voltage Regulators ranging from 300VA to 10 KVA. 


International models are available. 


1455 LeMay Drive 
Carrollton, Texas 75007 
214/446-7363 Voice 
214/446-9011 Fax 
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Adobe Acrobat 

Adobe Systems 

Adobe’s PostScript PDL (page-description language) has be- 
come the lingua franca of the printer world. That is, numerous ap- 
plications on a variety of platforms can obtain consistent output 
on a PostScript printer. With Acrobat, Adobe strives for the same 
grand unification for electronic documents. Acrobat accomplishes 
-, this by leveraging off 
| proven technologies 
| such as EPS (Encap- 
| sulated PostScript) 
and Multiple Masters 
fonts. 

Getting your elec- 
| tronic documents 
{ into Acrobat format 
requires no rocket 
| science. Just print 
| your document into 

an EPS file, run an 
Acrobat Distiller application to compress the data, and tack on a 
Reader application. Versions for DOS, Windows, and the Mac are 
available. 

If your computer system lacks the fonts that were used to cre- 
ate the original document, the Reader’s Multiple Masters tech- 
nology will render an approximation of the missing font with 
appropriate weight and spacing. Acrobat provides text search- 


0S/2 2.1 
IBM 


The latest revamp of OS/2 has 
solved most, if not all, of the prob- 
lems plaguing the Iong-in-com- 
ing version 2.0. Chief among 
these, the lack of high-resolution 
video drivers, is a thing of the past 
owing to the inclusion of several 
drivers for Super VGA, XGA, 
8514/A, and other display modes. 
Another revamp, the 32-bit graph- 
ics engine, first surfaced in a Ser- 


ing and hypertext linking to assist users looking for information 
in large documents. 

Compression is outstanding, shrinking a 20-MB PageMaker file 
down to under 4 MB. Creating thumbnail pages, hypertext links, 
indexes, and text annotations with Acrobat is a no-brainer. 


Adobe و‎ р 2. Р d үйөт» апа Macintost 
Adobe Systems E яс сш ы А 
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Adobe Photoshop, 

long the leading Mac 
application for pro- 
fessional image edit- B 
ing, is now available | 
for Windows. Both 
versions boast signif- 
icant improvements 
over release 2.0. Ex- 
perienced darkroom 
workers as well as 
neophytes will appreciate the new dodge-and-burn tool, which 
simulates the traditional lightening and darkening manipulations 
employed when enlarging. Brushes can be modified with any 
selected shape, and the new pen tool gives more precise control 
over the shapes you select. 

A quick-mask mode lets you work with a semitransparent film 
overlaid on your image and then quickly change the mask into a 
selection. À new preview window makes 
it easier to tinker with color corrections 
and other variables. Photoshop's open ar- 
chitecture allows plug-in software to aug- 
ment existing features, such as accessing a 
digital signal processor to speed up image 
processing. And a host of special-effects 
filters let you add pizzazz to a lackluster 
image. The new Photoshop will definitely 
be welcomed by Windows users. 


HP DeskJet 1200C 
Hewlett-Packard 


With a good balance between price and 


vice Pak that was shipped between versions 2.0 and 2.1; it appears here in opti- 
mized form. 

There’s lots more. Dual-threaded DOS-session support, APM (Advanced Power 
Management) support, PCMCIA drivers, multiple-session Windows support (a 
faster Windows than Windows at running applications), a rewritten VCOM.SYS 
serial-port handler, and built-in multimedia support in the form of MMPM/2 1.01 are 
other improvements in an operating system that is finally winning some of the vital 
support it needs and, as of this version, truly deserves. 


“Running OS/2 2.1 on an 8-MB machine that hasn't a prayer of running Windows 
NT, I find that it delivers many of the same benefits: robust multithreading and mul- 
titasking, a comprehensive 32-bit API, an advanced file system, and competent sup- 
port for Windows 3.1 software. Software developers have known for years that OS/2 
is a far more productive environment than DOS plus Windows. With the polish and 
maturity of version 2.1, more and more users are discovering the same advantage. " 

— Топ Udell 
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output quality, HP’s reliable and flexible 
DeskJet 1200C ink-jet printer is the best 
package for bringing affordable color print- 
ing to most offices. The 300-dot-per-inch 
color ink-jet prints on a variety of media, 


YOU CAN'T CONTROL 
YOUR BOSS, 
YOUR WORKLOAD, 
YOUR WEIGHT, 
YOUR BACKHAND, 
YOUR WEEDS, 
YOUR DOG, YOUR LIFE. 
AT LEAST NOW 
YOU CAN CONTROL 
YOUR CURSOR 


сл 


мк ROSOFL 
WINDOWS. 


At Microsoft, we feel there are 
enough things in the world that 
follow their own unpredictable path. 

So we redesigned just about 
every aspect of the new Microsoft 
BallPoint’ mouse to let you regain 
control of your portable computer. 

We started by changing the 
weight of the ball. We improved the 
smoothness of the tracking mecha- 
nism. We reshaped our mouse to fit 
your hand better. We even added soft- 
ware features that make it easier to 
find and control your cursor. 

All of which means, in sim- 
ple terms, that the cursor will now 
do what you want it to do. 

And which is why, in independ- 
ent tests, people worked 35* 
faster with the BallPoint mouse 
than with other leading portable 
and builtin pointing devices. 

Of course, you should try it your- 
self. So pick up a BallPoint mouse 
at a computer store today. 

And have one aspect of your 
life firmly, and comfortably, in the 


palm of your hand. 


Microsoft 


Making it easier 


© 1993 Microsoft Corporation. All rights reserved. Microsoft and BallPoint are registered trademarks and Windows and the Windows logo are trademarks of Microsoft Corporation. 


from plain paper to color transparencies, with an image quality that 
is hard to beat at a cost per page of as little as 8 cents. With a built- 
in RISC processor, the 1200C also offers decent performance. 
The unit looks more like a small refrigerator than a printer. 
But you can’t argue with the DeskJet 1200C's sumptuous out- 
put, especially on coated paper. It’s easily expandable in terms of 
memory, PDLs, and network connections. This is a printer de- 
signed to grow along with your office. 


HP LaserJet 4L 
Hewlett-Packard 


jÎ It's hard to beat the 300-dpi HP Laser- 
Jet 4L in price/performance for the 
home or small office —or as the low- 
end executive model you choose not 
to share with other network users. 
You get plenty for the $849 list price: 
a small footprint and a weight of under 16 pounds, HP's RET 
(Resolution Enhancement Technology), a variant of PCLS called 
РСІ 5е, and, for stretching the standard | MB of memory, MET 
(Memory Enhancement Technology). 

MET conserves memory by compressing fonts before down- 
loading them. In addition, Explorer TSR control software re- 
places front-panel controls and uses HP's Bi-Tronic technology 
to have messages such as paper-out signals break into your DOS 
application when appropriate. Output quality was excellent in 
our tests, and the printer's new Canon engine has no corona wire 
and fewer parts to clean than traditional laser printers. 


HP OmniBook 300 
Hewlett-Packard 


The OmniBook 300 is 
equally suitable for a trip 
to the company cafeteria 
or a trip across the coun- 
try, thanks to its sub-3- 
pound size and extra-long 
battery life (over 12 hours, | 
according to our tests). 
Other features, such as the mechanical-arm-like mouse that 
pops out from the side of the machine, Windows 3.1 in ROM, and 
the complete lack of traditional (and power-consuming) rotat- 
ing hard drives, put this machine a notch above the competition. 

Bummers include the lack of support for enhanced-mode op- 
eration in Windows, which means no support for virtual memory 
or running DOS applications in a resizable window alongside 
other program windows. Nevertheless, the OmniBook 300 does 
a fine balancing act between cutting-edge technology and main- 
stream usability. 


"I literally take my OmniBook everywhere I go. It is perfectly 
designed for use on those small tray tables on airplanes. Its 12- 
volt external power supply makes it easy to tie into a car's or a 
boat's electrical system. The OmniBook 300 is so robust that 1 
took it to sea with me on my three-week sailing vacation. Windows 
and the applications software that comes bundled with the Om- 
niBook make it an exceptional value." —Ben Smith 
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Indy 


. Silicon Graphics 


The latest descendent of the Silicon 
Graphics Indigo architecture is the entry- 
| level Indy, whose $5000 price tag belies 
its sizzling processor and graphics per- 
formance. The real story of the Mips 
R4000-based Indy is media integra- 
Р tion: It supports analog and dig- 
EX» ital audio and video right out of 
j the box, and it even comes stan- 
dard with a small digital-video camera. 
! The Indy is packed with features—for in- 
stance, ports for 10Base-T, Fast SCSI, and ISDN are 
built in—and Silicon Graphics continues to innovate with op- 
tions such as a 20-MB floptical drive. To cap it off, the system in- 
cludes a new media-centric Indigo Magic user interface on top of 
Motif that eases the use of desktop video conferencing and speech 
recognition. While the Indy may not become a mass-market sys- 
tem, it blazes a path in multimedia computing. 


"The Indy has exceptionally fast and inexpensive 2-D graph- 
ics. It is also very fast at general computing. I found that it's 
very easy to use despite the incredible sophistication of its pe- 
ripherals, utilities, and operating-system interface. The new op- 
erating system synergistically brings together my two favorite 
computing environments, Unix and the Macintosh. It lives up to 
its slogan: Serious Fun." —Ben Smith 


Lotus Notes 3.0 
Lotus Development 


Notes has always offered a unique and powerful blend of E-mail, 
conferencing, and client/server database technology. Version 3.0 
adds X.500-style hierarchical naming, Macintosh client support, 
full-text indexing, native IPX/SPX support, smarter database 
replication, and a host of new macro-language functions. These 
new features aren't just tacked on, either; they're deeply and 
sometimes surprisingly integrated. 

When a Notes 3.0 Macintosh client subscribes from within a 
shared Notes database to an edition published by a System 7 
Macintosh, the edition becomes visible not only to other Macin- 
tosh clients but to . 

Windows апа Pre- FPES 

sentation Manager р 

clients as well. The Fig 
full-text indexing and [== 
retrieval capabilities [ESSE 


also integrate intelli- 
gently with Notes. Г "ize em 
Data-entry forms dou- Ш: 0" em 


ble as search tem- pH 
plates; the multi- В “see =~ 

threaded OS/2 server E- 

handles incremental 

reindexing gracefully as a background task. Background repli- 
cation on the client side refines what was already an excellent 
mechanism for distributing information to users who are some- 
times LAN-connected and at other times modem-connected. You 


РО 


LD MOUSE. 


Most of the time all mice ore nice and fine for pointing around. But when it 
comes to inputting graphics or logos into any application or any CAD package, 
they are hopeless. They just can't — and so you can't. No way. 


Problem? Yes and no. It depends — you may shrug your shoulders and say |2 РОВ LE M 


"Well, I'll never do CAD and | just never want to input any sketches, logos, or 
photos into my computer anyway." Or — you feel that isn't good enough after SOLVE D. 


all the money you have invested and all the nice things you know you could 
do today with your own graphics once they were in the computer. 


Here comes the mouse thot lets you input alt 
your graphics as well. How?: That's what they 
all want to know, but we're not telling. Its a new 
invention. It's a universal combination of a true 
mouse and an independent manual drawing 
boord that becomes a precision full-featured 
digitizer tablet once you just place the mouse 
onto the board. It's all in one or all separate 

as required. Simply unplug your poor old 

mouse, plug in our mouse and have the real all 
purpose input device to your PC always at hand. 
At a price poor mice can afford too. 


ARISTO College Board \ oligital 


North Americo: 
ARISTO Graphic Systems 
A Division of KOH--NOOR Inc. 


100 North Street, Р.0. Box 68, 


Bloomsbury, NJ 08804 - 0068 
Tel; (800) 631 - 7646 
Fax: (908) 479 - 1513 


United Kingdom: Head Office: 

ARISTO UK LIMITED ARISTO Graphic Systeme GmbH & Co. KG. 

TDS House Schnackenburgallee 41 

Terroce Road South, Binfield 0- 22525 Homburg 

Brocknell RG12 SBH (Germany) LL | М ОМ Е & 
Tel: (0344) 306 936 Tel: (040) 853 97-226 gl 

Fox: (0344) 306 936 Fox: (040) 850 04 25 Mouse, Digitizer Tablet, Drawing Board 
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won’t find a more complete communication tool for business. 


“Dialed into a Notes server from a remote laptop, automati- 
cally replicating mail and discussion databases, I began to ap- 
preciate the remarkable feats of engineering that sustain this 
one-of-a-kind product. Although the reach of Lotus's vision of 
business process automation does exceed the grasp of the current 
incarnation of Notes, no other product so boldly and effectively 
empowers users to manage distributed data." —Jon Udell 


| Macintosh Quadra 840AV 
` Apple Computer 


|| Apple's Quadra 840AV is more 
| than just the highest-performance 
Macintosh; it's also the most fully 
j | featured personal computer ever 
С | made. To supplement the system's 
40-MHz Motorola 68040 CPU, 
Apple added a 66-MHz AT&T 
3210 DSP (digital signal proces- 
sor). This makes the 840AV ideal 
for advanced audio, video, and telephony applications, with 
little or no additional hardware. Full-motion video digitizing is 
built in, including support for NTSC, PAL, and SECAM. Com- 
posite and S-video outputs make it easy to record digitized video 
on a VCR. The 840AV’s audio capabilities are equally impressive, 
and Apple's new PlainTalk speech technology provides speaker- 
independent continuous voice recognition for short commands. 

The new GeoPort, a plug-and-play interface, allows easy con- 
nections to analog and digital phone lines for voice, fax, and 
data communications. Other standard features include built-in 


Pentium processor 
Intel 


Intel has the best track record of any / 
company in the personal computer ў; 
industry. No one can match its rec- / 
ord of consistent progress and per- |“ 
formance. 

The Pentium, with its two integer 
pipelines, advanced branch-predic- 
tion hardware, and sophisticated cache design, doubles the 
performance of the 486DX2-66 for integer operations, while 
its phenomenal FPU outdoes a 486's FPU by a factor of 4. 
More important, the Pentium reached this performance level 
without sacrificing compatibility with its immense software 
base. 

Pentium gives pause to those who say that the 80x86 ar- 
chitecture can't compete against pure RISC designs. Intel has 
shown what you can do with intelligent design and hard work. 
The Pentium designers didn't have the luxury of starting from 
scratch, which makes their achievement all the more note- 
worthy. And despite all the hoopla about RISC performance, 
do you think for a moment that, if given the chance, any of the 
RISC vendors would fail to trade places with Intel? 
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Ethernet and AppleTalk networking, 24-bit color video, and nu- 
merous expansion slots and bays. All this makes the Quadra 
840AV the premier personal computer for multimedia authors, 
graphic designers, and power users. It’s the fastest Mac on the 
block. Software compatibility is excellent, especially considering 
that the system architecture is loaded with new hardware such 
as DMA channels, a new video bus, and a DSP. The PlainTalk 
voice-recognition and video-processing features—within lim- 
its—allow this Mac to do things no other computer can do. 


Microsoft Excel 5.0 for Windows 


Microsoft 


After 1-2-3 release 4 gave Lotus some momentum, Microsoft 
has reclaimed its preeminence in the spreadsheet market. Excel 
5.0 unveils new technologies that represent the future of Mi- 
crosoft applications. Microsoft's new application macro lan- 
guage, Visual Basic 
for Applications, ap- & 
pears for the first [22 
time in Excel 5.0. 
OLE 2.0 automation & 
will work with VBA £& 
to enable a power- [E 
ful environment for $$: 
cross-application de- # 
velopment. 5 
A consistent inter- E 
face will further in- ER: 
tegrate Microsoft ap- 
plications; Excel’s menu structure will be closely mimicked by 
Word for Windows 6.0 and PowerPoint. IntelliSense, another 
new Excel feature that will soon find its way into other Microsoft 
applications, makes intelligent assumptions to help automate ac- 
tions such as adding a closing parenthesis to a function. Excel will 
also analyze your work and offer pop-up tips on how to perform 
operations more efficiently. Excel 5.0 fills some conspicuous 
gaps in the features matrix by adding true 3-D worksheets (with 
page tabs), in-cell editing, and custom AutoFill (for creating cus- 
tom series that will automatically flow into selected blocks when 
appropriate). A few key improvements and promising new tech- 
nologies combine to make Excel 5.0 one of the most powerful 
Windows applications around. 
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Microsoft 
Windows NT 


Microsoft 


If you were given the 
job of designing the 
ultimate desktop op- 
erating system, you 
just couldn't do much 
better than simply | 
listing the features of 
Windows NT. Pre- — " 

emptive multitasking, multiprocessing support, the ability to run 
industry-standard software, built-in networking support, portability 
across hardware platforms, support for multiple interfaces—the 


POWER SUPPLIES 


“The premier power-supply maker” 
John Dvorak, PC Magazine, March 30, 1993 


“The only company to go to for a power supply” 
Jerry Pournelle, Byte, April 1993 


STANDARD UNITS 
These UL/CSA approved, fully tested power 
supplies are the best basic units available. 
STANDARD 205 SLIM ................... $89 
STANDARD 220 РЕЅК/ТОМЕК ........... $89 


ULTRA-QUIET UNITS 


Unrattle your nerves with 
NOISE LEVELS (db) 


an ultra-quiet Silencer 
— ^ power supply. Appreciated 
— — ^. bywusers since 1986, their 
- <] ~ high-efficiency fans and 
low-turbulence circuitry 
reduce noise by up to 84%! 
A must for home office or multimedia applications. 
SILENCER 205 SLIM ............................ $119 


BABY | DESK 


т your — with one f our premium 
Turbo-Cool power supplies—the choice of PC 
professionals. You'll get 50% - 100% more power, 


SOLID-STEEL CASES 


г Power Packed Upgrades. 


 OVER-TEMP ALARM 


Give your computer a 
professional, high-tech 
look with one of our 
premium-quality, 
USA-made, all-steel 
cases, They're rigid— 
unlike light-weight 
Җ imports—so the РС% 
components are always 
| s. aligned and grounded. 
You'll enjoy easy system access, and with room for 
up to 18 drives, there's real expandability! 


Desktop Tower Monster 
Exposed Drive Bays: 5 6 13 
Total Drive Bays: ] 8 18 
Motherboard Capacity: 1 | 2 
Power Supply Capacity: I l 

Cooling Fan Capacity: 2 j 

Filtered Air Inlet: Ye ' Ye Yes 
Lockable Front Door: Yes No Yes 
Beige or Black Finish: Yes Yes Yes 
Meets FCC-B Specs Ys Yes Yes 


Made in USA Yes Yes Yes 
SOLID-STEEL DESKTOP CASE ......... $175 
SOLID-STEEL TOWER CASE ............ $295 
SOLID-STEEL MONSTER CASE ........ $895 


REDUNDANT POWER 


Eliminate the risk of network downtime or data loss 
due to power supply failure with the TwinPower 900 
redundant power system. It delivers high-capacity, 
fault-tolerant power to your entire network server. 
Consists of tvo Turbo-Cool 450 power supplies 
in parallel, utilizing a special power-management 
interface module, A must for mision ike LANs. 


Don’t wait for the acrid smell of 
burnt components! With our 
new 110 Alert, you'll know | 
if your PC is overheating 
before damage occurs. 
Should the computer's 
temperature reach ПОРЕ, aloud 4 
alarm warns you that a fan has failed or that the 
cooling system is inadequate to handle that extra 
hard drive or other peripheral you may have added. 
Compatible with any computer, the inexpensive 
110 Alert is compact, easy to install, and so reliable, 
it carries a lifetime warranty. 

(TE AVEKE —— 


It’s a fact. 486 chips run hot, often exceeding 185%! 
Now, you can cool your 486 to a safe 85°-95°F with 
our popular CPU-Cool. It prevents random system 
errors and other heat-related problems. Consists of 
a mini-fan embedded in a die-cast heat sink that 
easily mounts on the CPU. Powered by a spare 
drive connector. Effective, inexpensive insurance! 

m cools CPU 70° - 100% 


built-in line conditioning, super-tight regulation, mæ 900 watts peak power m prevents system errors iy. ieee 

ultra-clean output, a high-capacity cooling fan, m 100X more reliable m adds years to CPU life 

UL/CSA/TUV, a 2-year warranty for 300W than a single-unit m thinner, quieter, and 

models, and a 5-year warranty for the 450! Ideal ша load-sharing design better-built than cheap 

for high-end workstations and network file servers. т hot-swap capability imported imitations. 

TURBO-COOL 300 SLIM/BABY ......... $169 m 5-year warranty ur. п safe, simple installation сус 0Р0 

TURBO-COOL 300 DESK/TOWER ... $189 m monster-case compatible - CPU-COOL (FOR 4865) .................. $29 

TURBO-COOL 450 DESK/TOWER .. $349 TWIN-POWER 900 .............. entren $995 — PENTACOOL (FOR PENTIUM) ............ $39 
РЕ POWER & COOLING, ING. 


5995 Avenida Encinas, Carlsbad, CA 92008 * (619) 931-5700 • (800) 722-6555 • Fax (619) 931-6988 


We accept Visa, MC, COD, or PO on approved credit. Warranty period: Five years for Twin Power and Turbo-Cool 450, Two years for Turbo-Cool (except 450), Silencer, and CPU coolers. One year for all others (except 110 Alert), 
Hours: 7 2m. - 5 рт. (PT) Mon. - Fri. Silencer, Turbo-Cool, TwinPower, CPU-Cool, PentaCool, and 110 Alert are trademarks or registered trademarks of PC Power & Cooling, Inc. ©1993 PC Power & Cooling, Inc. 
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list soon becomes embarrassingly long. Windows NT is the 
operating system the desktop computer industry has been waiting 
for ever since the limitations of DOS became painfully apparent 
with the introduction of the AT in 1984. Like no operating sys- 
tem before it, NT lets you take full advantage of your industry- 
standard hardware. 

Of course, like no other operating system before it, NT also 
requires more hardware, which is the main reason it won't have 
the kind of immediate market impact that Windows 3.0 enjoyed. 
But make no mistake, NT is here for the long haul: It is an op- 
erating system built with the future in mind, so you should keep 
it in mind as you plan for the future. 


"According to conventional wisdom, you shouldn't use the 


‘point zero’ release of an operating system. But I do use Windows 


NT, which, in its first incarnation, has been remarkably stable and 
trouble-free. Seamless interoperability between Intel and RISC 


versions of NT, and between NT and Windows for Workgroups, 
make the promise of a scalable family of Windows operating 
systems tangibly real.” —Jon Udell 


Newton Intelligence technology 
Apple Computer 


As Garry Trudeau's scathing series of Doonesbury comic strips 


suggested last summer, Apple's Newton MessagePad is an im- 
perfect implementation of a PDA. The technology it employs, 


PowerPC 601 
Apple Computer, IBM, and Motorola 


In late 1991, Apple, IBM, and Mo- 
ЭЩ torola began work on a new proces- 

1 sor that could challenge Intel's dom- 
inance on the desktop. The first 
result of this effort, the PowerPC 
601, lives up to its advance billing. 

The PowerPC 601 is a superscalar 
RISC processor. It can issue and ex- 
ecute up to three instructions at once in its three highly pipelined 
processing units, It also employs a number of architectural en- 
hancements to ensure that the processing units are kept full of 
instructions and data. 

The result is a processor that is as fast as a Pentium for less than 
half the cost. The 601 has already shown up on an IBM work- 
Station, and it will form the centerpiece of Apple’s RISC-based 
Macintosh line, which is due out soon. As such, it will undoubt- 
edly be the best-selling RISC processor of 1994, And it will be 
even more significant after IBM ports OS/2—and Motorola ports 
Windows NT—to the chip. 

With its technical excellence and marketing promise, the Pow- 
erPC is one of the more significant technologies to appear in this 
decade. And it has the ability to carry us into the next decade. 

The PowerPC 601 processor promises to bring the Mac into par- 
ity with the performance of Pentium systems while being a lot less 
expensive. It also gives IBM new opportunities with unique mul- 
tiprocessor configurations. 
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however, breaks new ground in mobile 
computing and is a solid base on which 
to build better models. That technology— 
not the MessagePad as a whole—receives 
BYTE’s Award of Excellence. 

Newton Intelligence is an innovative, 
object-oriented operating system that suc- 
cessfully shields casual] users from inter- 
nal complexities. Its pen-based user interface challenges existing 
notions of how a computer should look and feel. Newton appli- 
cations are data-centric, not document-centric; all information 
is tagged and stored as you enter it, and you can access it from any 
application. 


OLE 2.0 


Microsoft 


More than three years in gestation, OLE 2.0 takes Interapplication 
Communication and compound documents to a higher level than 
its predecessors, OLE 1.0 and DDE. As a key element of Micro- 
soft's vision of object-oriented software, OLE 2.0 will be har- 
nessed by developers for commercial and in-house applications. 

The specification defines a standard way of communicating and 
sharing objects among compliant programs; for example, you 
could embed a slide created in a presentations package (based, 
perhaps, on data residing in a spreadsheet) into a word process- 
ing document. The 2.0 release of OLE adds dragging and drop- 
ping of objects, in-situ object editing, and support for macro- 
like automation. Most important, OLE 2.0 is designed with an eye 
toward the future— specifically, toward creating a path for users 
and developers that leads from Windows to Microsoft's object- 
oriented operating system, code-named Cairo. Thus, OLE 2.0 is 
built to support link tracking, network remote procedure calls, and 
other capabilities not yet implemented in Windows. 


PCI 2.0 
PCI Special Interest Group 


Nobody questions the need for local-bus expansion capability 
in PCs, particularly for boosting graphics display performance. 
With VESA's VL-Bus specification already providing that func- 
tion, then why PCI? Because, unlike the 486-centric VL-Bus, 
PCI (Peripheral Component Interconnect) fully answers the local- 
bus design needs of new Pentium- and RISC-based systems right 
now. As a mezzanine bus with buffered isolation from the actu- 
al CPU local bus, PCI can support more peripherals than VL- 
Bus. In addition, PCI devices can work concurrently with the 
CPU, an important performance factor with multithreading, mul- 
titasking environments. 

With data bursting and buffering, the Intel-developed PCI bus 
cleverly skirts the performance drawbacks to bus isolation, yield- 
ing sustained throughput as high as 80 MBps from a theoretical 
maximum of 133 MBps. Bus isolation also means that PCI pe- 
ripherals can work with any CPU speed or design, from a 486 to 
a 200-MHz Alpha, an important cost factor for large systems 
houses planning future systems. PCI is a robust specification, 
tightly defined and tested with sophisticated simulation, and it also 
supports forward-looking features such as plug-and-play, low-volt- 
age operation, and a 64-bit data path. 


WITHOUT THIS SEAL, YOU'RE 
‘ONLY TESTING YOUR LUCK. 


Nothing is more frustrating and Trillium Computer Resources. They help us ensure 
than a PC problem. It that our QAPlus software is on the leading edge of 


can mean hours of technology. 
wasted productivity 
and hundreds of THE SEAL THAT MAKES THE DEAL 


dollars of expense for The QAPlus Tested seal on a computer system ensures PC 
both the user and the FS they are receiving a system that has passed the most 
manufacturer A PC "gorous diagnostic hardware tests available. Our QAPlus 
with the QAPlus OEM version and remote control software can also be 
Тый” эша! madim ERE bundled with systems to allow support personnel to 
Tie manai vss remotely operate systems, and provide an even greater 
level of support. 


| QAPluse software in a 
rigorous program to assure that its PCs are fully ISO 9000 SUPPORT 
compatible and meet the highest standards of quality. QAPlus/Factory supports the ISO 9000 requirements for 
A COMPLETE QUALITY testing and traceability. It streamlines this process by 
ASSURANCE SOLUTION ensuring that all data collection is automatic and 


One facet of the QAPlus Tested program is consistent throughout the process. 


QAPlus/Factory™ which provides dynamic burn-in 
capabilities using state-of-the-art diagnostics. Its 
exhaustive testing, tracking, and reporting features 
facilitate the effective measure and control of production 
processes. 


QAPlus/Factory can help eliminate product returns and 
repair calls due to incompatibility and marginal quality 
assurance testing. The bottom line is lower manufacturing 
and support costs, increased product quality and 
customer satisfaction, and a more competitive business. FEATURES INCLUDE: 


Q Network or Stand-Alone Operation 
BACKED BY | 
COMPREHENSIVE SUPPORT О Unattended Scripted Testing 
Û Complete Test Logging 


QAPlus/Factory customers can receive an on-site quality 
survey by our PC quality assurance expert, along with | ; 
installation and training. Plus, they will be enrolled in our З Án We qe بج‎ a 

Priority Support Program which includes remote etailed Quality Analysis Reports 

diagnostic troubleshooting, access to DiagSoft's BBS, and WE WROTE THE BOOK ON PC QUALITY ASSURANCE 


Û Hardware Level Diagnostics 


frequent product updates to support the latest technology. AND WE'LL GIVE YOU A COPY — FREE! 

THE INDUSTRY STANDARD Don't push your luck, call DiagSoft now for our FREE 
DiagSoft's QAPlus software is the de facto standard for PC Guide to PC Quality Assurance. Also from DiagSoft: 
compatibility and quality assurance testing. QAPlus/WIN™ for tuning and troubleshooting Windows", 
QAPlus/Factory is in use worldwide by leading QAPlus/FE™ for power users and service’support 


manufacturers and integrators, such as: Digital Equipment professionals, Power Meter" for performance measurement 
Corporation, Gateway 2000, Intergraph, Micronics, Mylex, and comparison, and QAPlus, the diagnostic leader. 


us/Fcictory. 


Quality Assurance and Diagnostic Testing for Manufacturers, Integrators and Servicers 
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Aldus PageMaker 5.0 
Aldus 


PageMaker 5.0 narrows the gap between QuarkXPress and the 
competition in the high-end desktop publishing market. With 
this software, Aldus has addressed the issues of professional 
desktop publishers. PageMaker now has finer typographic and di- 
mensional controls and supports a wider variety of text and graph- 
ics formats, including direct support of Lotus 1-2-3, Excel, dBase 
databases, and compressed TIFF files. 

PageMaker shores up its strong support between Windows 
and the Macintosh with seamless file support across platforms and 
automatic conversion of Mac PICT files to Windows metafiles. 
Aldus has also enhanced performance throughout the product. 
Publishers of non-English languages will appreciate the $99 bun- 
dle of 19 dictionaries, which includes medical and legal dictio- 
naries as well as 15 European and New World languages with hy- 
phenation. PageMaker 5.0 is a powerful upgrade. 


ATT92010 Hobbit 
AT&T Microelectronics 


AT&T’s ATT92010 Hobbit microprocessor is at the forefront 
of a wave of new CPUs designed especially for hand-held, high- 
ly mobile communicators and computers. Known collectively 
as PDAs (personal digital assistants), these diminutive devices of- 
ten require more raw processing power than conventional desk- 
top PCs. 

The demands of handwriting recognition, object-oriented op- 
erating systems, and innovative user interfaces are creating a 
niche for speedy but power-miserly CPUs. The Hobbit rises to 
these demands by delivering 13.5 MIPS while consuming only 
about 0.25 W. Together with its family of peripheral chips, the 
Hobbit provides a practical solution for first-generation PDAs 
such as the Eo Personal Communicator 440 and 880. 


Banyan ENS for NetWare 
Banyan Systems 


Banyan’s ENS (Enterprise Network Services) brings the com- 
pany’s crown jewel—the StreetTalk III global directory ser- 
vice—to Novell NetWare. ENS extends StreetTalk support to 
existing NetWare 3.x and 2.x installations. With ENS, you can 
manage multiple NetWare servers as a single system image, 
leveraging the communications capabilities of Vines (i.e., X.25, 
TCP/IP, and SNA) to distribute that virtual network over a wide 
area. Applications that are Vines-aware, such as the Vines version 
of Beyond's BeyondMail, enjoy true global directory services 
on NetWare-plus-ENS. 

The NetWare Directory Service in NetWare 4.0 couldn’t deliver 
the same benefits to users on NetWare 3.x and 2.x servers even 
if applications supported NDS (and most don’t, yet). Those leg- 
acy NetWare servers aren’t going away anytime soon. Kudos to 
Banyan for enfolding them in StreetTalk. 


ColorScript Laser 1000 
QMS 


The first color laser printer priced at less than $15,000, the QMS 
ColorScript Laser 1000 produces high-quality color documents 
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on plain paper for less than the materials cost of dye-sublimation 
or thermal-wax-transfer technologies. The 300-dpi, PostScript 
Level 2-compatible printer outputs up to 8 pages per minute in 
monochrome and about 2 ppm in 24-bit color. The unit includes 
a range of interface ports (e.g., Ethernet, AppleTalk, and serial/ 
parallel) and 65 typefaces. Strong network support and mono- 
chrome capabilities (i.e., low cost and good performance) make 
the Laser 1000 an excellent workgroup printer for mixed color and 
monochrome uses. Other printer vendors are expected to release 
color laser printers this year, but the Laser 1000 makes QMS the 
leader in the field for now. 


Folio Views 3.0 


Folio 


Folio Views 3.0 isn't. Ё 
just a Windows port Ё 
of its DOS-based ES 
predecessor; it’s а Fe 
massive overhaul of [gm 
that popular product. [ag 
No more 2-MB limit Ж 
on the size of an in- ш 
fobase; version 3.0 aE une 
boosts the capacity into the terabyte range. No more cumber- 
some batch-mode builder; version 3.0 can work incrementally, in- 
teractively, and in a way that enables multiple users on a net- 
work to extend a collaborative infobase without stepping on each 
other's changes. And, though not apparent to the user, no more 
monolithic indexing and search apparatus; 3.0's client/server ar- 
chitecture should enable the development of local or remote 
DOS, Windows, Macintosh, and Unix clients. 
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Fractal Design Painter 2.0 
Fractal Design 


The luscious Painter 2.0 turns your Mac or Windows PC into an 
artist's studio, offering a wide range of media and materials for 
you to work with, and now also offering support for captured 
video frames, scanned images, color separations, and user-de- 
fined lighting. The package lets you "paint" with electronic oils, 
watercolors, pens, chalk, charcoal, and other media in a wide 
range of colors and shades on backgrounds textured to look like 
paper, canvas, and so on. There is perhaps no other graphics 
product on the market that's been so quick to produce a sense of 
excitement and accomplishment among both novice and expert 
artists. 


FutureBasic 
Zedcor 


Zedcor's FutureBasic attempts to do for the Macintosh what Mi- 
crosoft's Visual Basic does for Windows: provide an easy-to- 
use but powerful development environment for in-house corpo- 
rate programmers, shareware developers, and hobbyists. It largely 
succeeds, surpassing the traditional Mac implementations of C 
and Pascal in terms of ease of use, and Apple's HyperCard in 
terms of flexibility and power. 

FutureBasic is a remarkably full-featured tool that conceals 


Object 
b oriented 
pplications 


CSet++4+ ~ 


FirstStep 


Now everything 


you need to begin 
writing C/C++ applications is at your fingertips - 
and well within your budget. C Set ++ FirstStep 
is a state-of-the-art, C/C++ development 
environment. It includes: *Ап ANSI standard = А 
conforming compiler for C/C++ *А visual tool for ! a c a 
debugging ‘C++ Collection Class Libraries *А 
comprehensive Developer’s Toolkit (Version 2.1) 
with all necessary programming tools, and 
*WorkFrame/2: which provides an 
integrating environment that 
increases the effectiveness of those tools. 
In short, with C Set ++ FirstStep for 
OS/2 from IBM Software Solutions, you can 
launch yourself right into writing high quality 
object-oriented applications. 


lor US 


FirstStep Technical Features 


er. 


T E. cre 
E 


To order C Set ++ 
FirstStep for OS/2, or for 
further information call 

2 1-800-342-6672 
EL --——» (USAJor 


Professional developers may require the additional features of C Set ++ V2.1, 1-800-465-7999. ext. 670 (Canad a) 
our professional developer's package including high-end tools, optimization ч | 


and full support and service. Or contact your local IBM software dealer. 

G— e u— — 
IBM and OS/2 are registered trademarks and C Set ++ is a trademark of International Business Machines Corporation. = == = 
Windows is a registered trademark of Microsoft Corporation. uu —1—2-:3—^ 
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much of the complexity of Macintosh programming. Yet it's ca- 
pable of producing compiled code that rivals the performance 
of programs written in more difficult high-level languages. It 
runs on a system as small as a 1-MB Mac Plus, and it supports 
Apple Events, Color QuickDraw, QuickTime, and the entire Mac 
Toolbox. Packaged with an integrated 680x0 assembler, Res- 
Edit, and MacsBug, FutureBasic is a long-needed tool for Mac- 
intosh development. 


Lotus Improv 2.1 


1 for Windows 
. Ë Lotus Development 
з During the same year 
*| that Next finally deliv- 
ered a 486 version of its 
object-oriented operat- 
ing system, Lotus deliv- 
ered a Windows version 
ч of one of the most com- 
== pelling applications for 
NextStep, the три грне Improv breaks away from the 
traditional row-and-column organization of spreadsheets; instead 
it fills the cells with the results of formulas entered in English-like 
syntax. The multidimensional worksheet can be reorganized by 
dragging and dropping labels, and data can be imported and ex- 
ported from 1-2-3 and other external data sources. 


MGA series 
Matrox Electronic 
Systems 


Thanks to a capable 
64-bit graphics chip, Ma- 
trox's MGA adapters are the 
cards to beat for high-end graphics ap- 
plications: GUI acceleration, 24-bit imag- 
ing, and CAD. The MGA chip supports 24-bit 

graphics at up to 1280- by 1024-pixel resolution 

and 8-bit graphics at 1600- by 1200-pixel resolution. In addi- 
tion to providing the fastest Windows performance at any reso- 
lution or color depth, Matrox’s MGA chip (and Matrox drivers) 
support CAD applications with hardware pan, zoom, 2-D accel- 
eration, and, in some models, hardware-assisted 3-D rendering 
and shading. 

Other hardware operations include antialiasing of vector images 
and text (TrueType and Adobe Type Manager) as well as dithered 
8-bit graphics that approach 24 bits at higher resolutions. Con- 
sidering performance and features, pricing is competitive—from 
$599 to $2495, depending on memory configuration (from 2 to 4.5 
MB of VRAM [video RAM] plus optional z-buffer memory) 
and whether 3-D support is present. The MGA series of boards 
also supports five different expansion buses: ISA, MCA, VL- 
Bus, PCI, and SBus. 


“When I ran the MGA Impression through BYTE's suite of graph- 
ics benchmarks, it clearly outperformed the fastest video cards 
tested to date. But the real test came when I loaded some large 
images into Photoshop. Scrolling and zooming were almost in- 
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stantaneous. Never have I been so impressed by the pure speed 
and exceptional quality of a graphics accelerator.” 
— Stanford Diehl 


Microsoft Visual Basic for Windows 3.0 
Microsoft 


Already wildly popular among in-house corporate programmers 
and shareware developers, Microsoft's Visual Basic 3.0 adds 
several new features and custom controls that can save hours of 
tedious coding in other languages. Corporate developers will es- 
pecially appreciate its new database engine—the same engine 
found in Access 1.1, Microsoft's relational database manager 
for Windows. That means Visual Basic inherits the ability to in- 
teract with databases stored in several common formats, includ- 
ing Access, dBase, FoxPro, Paradox, and Btrieve. 

Thanks to a new visual data control in the toolbox, Visual Ba- 
sic programmers can hook into these databases without writing 
any of the code that would normally be necessary. Visual Basic 
also adds support for OLE 2.0, which opens up some fascinating 
new possibilities for interaction with other Windows applica- 
tions. 


Paradox for Windows 
Borland International 


The appearance of Paradox for Windows should prove that Bor- 
land isn’t sitting on its DBMS laurels. ObjectPAL—Paradox for 
Windows’ application programming language—is a complete 
break from PAL. Not only is ObjectPAL easier to comprehend 
than its predecessor, but it more neatly accommodates the event- 
driven nature of Windows applications. 

ObjectPAL aside, we applaud Paradox for Windows’ entire 
object-oriented approach. Its direct support for dBase files doesn't 
hurt, either; nor does its variety of form-design, report-design, 
and graphing capabilities, which edge the package onto the same 
stage as some of the larger and more complex database applica- 
tion generators. The query-by-example crowd should be pleased: 
There's a home for them in Windows. 


PowerBook 165c 
Apple Computer 


The PowerBook 165c adds 
the benefit of a color pas- 
sive-matrix LCD screen to 
a notebook PC that comes XP 
equipped with a 33-MHz |. 
68030 processor, a 68882 ` JN 
FPU, external video, and 4 
MB of RAM. Even though | 
the display measures only 9 
inches diagonally, it can dis- 
play 640 by 400 pixels and 
provides rich color, good contrast, and a wide viewing angle. 
The PowerBook 165c's power charger cranks out 24 W (up from 
15 W) and can recharge the battery faster. In addition, the Power- 
Book 165c is less expensive than PC notebooks with active-ma- 
trix screens. 
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RealityEngine’ 


Silicon Graphics 


Even for a company famous for 
graphics, Silicon Graphics’ Re- 
alityEngine? is something else 
again. The specifications are 
mind-blowing—160 MB of bit- 
mapped memory, 12 geometry 
engines, 20 pixel generators, 320 image engines—as are the 
results. RealityEngine" can produce true-color, antialiased, texture- 
mapped 3-D graphics animations in real time. You may never be 
able to afford a RealityEngine’, but rest assured you'll be seeing 
more of what it can do in the years to come. If you're looking for 
the definition of state-of-the-art graphics, look no further than 
RealityEngine’. 


SQLWindows 4.0 
Gupta 


SQLWindows enjoys the rare privilege of being a SQL front end 
supplied by the same company that makes a killer SQL back 
end. Simply put, SOLWindows is full of good stuff from one 
end to the other: QuestWindow makes forms design exponential- 
ly simpler, TeamWindows provides the kind of project manage- 
ment and version control any project leader would be tickled 
with, and we'll never lose our respect for the application lan- 
guage's outline-based paradigm. 


ThinkPad 750C 
IBM 


Faster, lighter, more powerful all 
| around...these descriptors fit IBM PC 
[ Co. as well as one of its best products to 
xA date, the IBM ThinkPad 750C. The suc- 

Ec. cessor to the 720C notebook, this prod- 
uct takes away more than it adds. Gone 
are 1'^ pounds of weight and a quarter-inch of length; among 
the new features are integrated audio capability and an upgraded 
processor, the Intel 486SL-33. The 170-MB hard drive can be 
easily removed in favor of a bigger one (when available), and 
you can swap out the floppy drive to substitute devices such as a 
cellular modem. 


WordPerfect 6.0 for DOS 
WordPerfect 


With the first major update of its flagship program for DOS- 
based PC's in over three years, WordPerfect has satisfied the de- 
mands of its users who want spreadsheet functionality, pull-down 
menus, WYSIWYG graphics, and drag-and-drop image manip- 
ulation in a word processor. Although the resource requirements 
(16 MB of hard disk space for a full installation) are steep for a 
DOS-based application, WordPerfect certainly packs in the fea- 
tures. Advantages of WordPerfect over Microsoft Word include 
direct printing to fax cards, a full range of graphical image-edit- 
ing operations, and word wrapping around irregularly shaped 
objects. 
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HOW TOBUYA . 
DOUBLE-SPEED CD-ROM... 
WITHOUT GETTING 
TAKEN FOR A DRIVE. 


Introducing Creative OmniCD.. 
If you've been thinking about adding the power and excitement of an internal CD-ROM to your РС, here's some great 
3 news: thanks to our exclusive Creative Double-Speed Technology,” double-speed CD-ROM performance is 
now available at about the same price you'd expect to pay for a single-speed drive. 
And we're not talking about just any CD-ROM here. This is a full-featured, MPC 2 compliant, 
XA-ready, 300KB/second, multi-session photo CD drive with a blistering fast 320ms access time: 
The all-new Creative OmniCD^ 
WORKS WITH ANY SOUND CARD. 
Of course Creative OmniCD works with your 
Sound Blaster— after all, it is the industry standard 
for PC audio. But what if you've already got 


another sound card? 


No problem. Because Creative OmniCD 


works perfectly with just about every major brand of 
audio card...or even without a sound card for applications that don't use audio. 
Best of all, Creative OmniCD opens up a whole new world of CD-ROM applications. Like photo CD—we've even 
included Aldus" Photostyler' SE image enhancing software right in the box. And also games, 
multimedia and business applications, education, and more. 
THE BOTTOM LINE: А LOT MORE DRIVE, А LOT LESS MONEY. 
Sure, there's plenty of other manufacturers offering double-speed CD-ROM drives. But as part of a 


complete package with ап SRP of less than four hundred dollars?" Now that's Creative. 
For more information and the name of your nearest Creative Labs dealer, call 1-800-998-5227. 


Sound) CREATIVE 


CREATIVE LABS, INC, 


3 
سے‎ © Copyright 1993 Creative Tecknidogy Lid. Creatrer Double-Spend Techaology, Crestrre Ова), Sound Blaster and the Sound Binter and Create logos are trademarks of Creative Technology Lid. Ali other made 
Коз Mulumedis РЄ marks are the property of thew respective comers U S. inquiries: Creative Labs 1-800-998-5277 or 1-408-402-6500. International inquiries: Creative Techoology Lid, Singapore, TEL 81-773-0231 FAX 635-773-0382. 
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Active Badge 
Olivetti North America 


Piggybacking on your company’s LAN, 
Active Badge is a means of keeping track 
of people within a workgroup. It also al- 
lows your own computer’s desktop to “fol- 
low” you throughout a building. Using a 
small transmitter that you wear, Active 
Badge sends your location to the network. 
The network can then tell others where 
you are or allow you to call up your own 
desktop on any other computer on the net- 
work. You always know who is or isn’t 
available for a meeting, and you always 
have your own data at hand. 


Adobe Premiere 3.0 


for Macintosh 
Adobe Systems 


Adobe has taken an outstanding product 
and made it even better. Refinements in- 
clude a streamlined interface, improved 
performance, and enhanced final quality 
of the video and audio. With 99 video and 
99 audio tracks, you can create layered 
soundtracks as well as complex video over- 
lays, titles, and special effects. 


Borland C++ 3.1 
Borland International 


This development tool has several out- 
standing components. Its OWL (Object 
Windows Library), for example, lets you 
construct programs with a minimum of 
source code. Borland C++ has two inte- 
grated development environments: one for 
DOS and one for Windows. Both allow 
for rapid application development. (Bor- 
land announced version 4.0 late in 1993.) 


Bounds Checker 1.0 
Nu-Mega Technologies 


This Windows debugging tool, now in ver- 
sion 2.0, finds tough-to-track bugs such 
as array boundary overruns, memory leaks, 
and bad parameters passed to API func- 
tions. Although it doesn't offer complete 
debugging services, Bounds Checker is a 
must-have item for every Windows pro- 
grammer's toolbox. 


Canon Notelet 486 
Canon Computer Systems 


Buy a notebook, get a printer—that is 
Canon Computer Systems' solution for 
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the need to print documents while on the 
road. The 7.7-pound Canon NoteJet 486 
comprises a 25-MHz Texas Instruments 
486SLC processor, a 9'/-inch backlit 
monochrome VGA LCD, 4 MB of RAM, 
and a 360-dpi BubbleJet printer shrunk 
down from a Canon BJ-10ex printer de- 
sign. The nickel-cadmium battery in the 
model we looked at was atypically under- 
rated, printing the entire 27-page Windows 
Write readme file despite the battery's 
eight-page rating. Operation is a breeze, 
and print quality is easily readable. 


ClarisWorks 2.0 for Macintosh 


Claris 


Our July 1993 review said it all: 
ClarisWorks 2.0 may be the only ma- 
jor application that many Mac users 
need to buy. This package seamlessly 
integrates word processing, a spread- 
sheet, a database manager, drawing 
software, and a communications program. 
It's easy to shuffle work created in one 
segment to another segment. 


ColorSync 
Apple Computer 


Apple has taken a big step toward mak- 
ing true WYSIWYG color-matching a 
reality with ColorSync. Color matching— 
the ability to get the same colors from a 
scanned image onto a printed document— 
has been a big concern for desktop pub- 
lishers. Apple has also made ColorSync 
open, so other color-matching software 
providers can supply their own modules. 


Common Ground 
No Hands Software 


Common Ground is a multiplatform doc- 
ument-interchange application that offers 
much of the same functionality as Adobe's 
Acrobat. Its biggest feature, however, is 
that it works on low-end as well as high- 
end PCs. This makes Common Ground 
practical for many companywide docu- 
ment-processing projects. 


Compel 
Asymetrix 
Asymetrix's first foray into the world of 
presentation software is an impressive one. 
Compel offers excellent support of mul- 
timedia, from the user interface to support 


of OLE. You can link any type of data— 
text, graphics, video—to a multimedia 
event via Compel's highly intuitive inter- 
face. 


Cx486DRx’ 
Cyrix 


Would you spend 20 minutes and between 
$299 and $399 to turn your 386 PC into a 
near-486-class system? Cyrix offers a sig- 
nificant performance upgrade for the mil- 
lions of 386 PCs that are still in use. 


Dauphin DTR-1 
Dauphin Technology 


With the DTR-1, Dau- 
phin has released a 
5 highly modular 
= subnotebook- 
`` жш, computer that 
weighs under 
3 pounds and can 
double as a pen-based 
system. The keyboard, though 
more usable than that of the HP 100LX or 
the Psion Series 3a, is still a little too small 
for most users. À recently announced up- 
grade to 8 MB makes the DTR-1, which 
runs on a 25-MHz Cyrix 486SLC proces- 
sor, the smallest system to accommodate 
IBM О$/2 and OS/2 for Pen Operating 
Systems, the company says. 


Delrina WinFax Pro 3.0 
and WinFax Pro for Networks 
Delrina 


Delrina has successfully combined opti- 
cal character recognition with PC-based 
fax. No longer do you have to store in- 
coming faxes as image files; WinFax Pro 
3.0 converts them to text and then checks 
the spelling of the documents. 


Eo Personal Communicator 440 
Eo 


The Eo has somewhat of a celebrity status 
as the star of AT&T's TV commercials. 
And that scene is not staged, either—you 
really can fax 
from the beach 
with it, or make a 
cellular telephone 
| call, for that mat- 
ter. The Eo's Pen- 
Point pen-based 


When protecting your software against piracy and 
unauthorized use, make sure that your protection 
system has all the following qualities: 


A GOOD HARDWARE KEY 


Hardware-based software protection systems are now * 
Qo. the standard worldwide. However, not all keys Sige 
> are the same. A good key should have all ZAA = 
J» the following features: کا‎ 
| Compatibility and transparency. 
The key should work without any problem on your 
Р customers’ computers. The user should be able to 
forget the key after connecting it. 
f W Unbreakable electronics. A customized ASIC 

(Application Specific Integrated Circuit) component integrated into the key 
will prevent reverse engineering and make cracking the hardware virtually 
impossible. 

W А unique and inaccessible developer's code burnt into the ASIC. This 


> 


is MEA never be held in the key's mernory, where it can be read and 
te 


V A Read/Write Memory inside the key should be 
available. The memory should be writable in the 
field, on any PC, without any special programming 
equipment. 

V/ Very low power consumption, enabling the 
key to work even under the most adverse power 


conditions, on PCs and laptops, with or with- 
out a printer. 


POWERFUL SOFTWARE 


¥ А Linkable Protection Module with which calls can be made to 
the key from any point in the protected program. 


V/ An "Envelope" encryption program. Such programs enhance security 
while making it possible to protect a software application even without its 
source code. 


v Sophisticated antidebugging and encryption mechanisms. 


HASP - The Protessiona Хома 


Protection System wa 


HASP? OFFERS YOU 
ALL THESE FEATURES 
AND MORE: 


HASP was designed by a team of computer ex- 
perts, professional cryptologists, and electrical 
engineers. As a result, HASP keys are supported 
by what is probably the best software in the mar- 
ket, and the HASP system has worked on every 
computer it has been tried on. In addition to all 
the features mentioned above, HASP provides: 


И A Full Authorization System for protecting 
dozens of programs using only one key. 

V/ А Patten Code Security System (PCS) which 
enables parallel processing of multiple calls by 
the Linkable Protection Module. 


«f A Virus Detection option that can be in- 
corporated in the protected program to check 
whether it has been infected by a virus. 


Several HASP keys can be connected one 
behind the other. Small physical size ensures 
maximum convenience for your customers. 


NETHASP- THE ULTIMATE 
SOFTWARE PROTECTION 
FOR NETWORKS 

Only one NetHASP key is needed to run a 
protected program from any station in a network. 
NetHASP provides full support for protecting DOS 
and WINDOWS software under network 
environments, including Novell dedicated & 
non-dedicated servers, Lan Manager, Lantastic, 
Banyan, DLink, and NET-BIOS based LANs. 
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Меге мааа камы. 


LISTEN ТО THE EXPERTS: 
In all the products we tested, except the HASP, 
we could see through the encrypting and 
questioning procedures... and crack them. 
СТ Magazine (Germany) 
MemoHASP: ...of all the protection devices tested 
is without any doubt, the one which combines 
the best features. 
PCompatible (Spain) 
Trying to crack a program... that was protected 
utilizing all of HASP's features - is like searching 
for the Holy Grail. 
Micro Systems (France) 
PC dongles... come with varying claims as to 
their transparency. The majority suffer from 
problems when a printer is connected... the 
DESkey and HASP-3 are not affected... 
Program Now (Britain) 
Of all keys tested, HASP is the most ambitious 
one... the quality of HASP manufacturing seems 


So S PC Compatible (France) 


Ап easy to use software protection system for 
the Macintosh, which ensures an effective 
defense against software piracy... 

Life is difficult for pirates... MacHASP is an 
optimal protection method, for the 
programmers... and for the users... 


Circle 63 on Inquiry Card. 


Bit Magazine (Italy) | 


MacHASP - The Professional Software Protection Systern for the Macintosh 


OPERATING 
ENVIRONMENTS 


РС: DOS, WINDOWS, WINDOWS -NT, 05/2, 
SCO UNIX, SCO XENIX, INTERACTIVE UNIX, 
AIX, AUTOCAD, DOS EXTENDERS, LANS ~ 
MAC (ADB port): System 6.0.5 and up 
NEC (Serial Port]: DOS, WINDOWS 


AND THE BOTTOM LINE: 

We offer some of the most competitive prices 
in the market. 

Since 1984, HASP has enabled thousands of 
software producers in more than 50 countries, 
including several Fortune 500 companies, to 
protect their software. 


Please call us for our HASP evaluation package. 


ALADDIN 


SECURITY. ING 


The Empire State Bulding 

350 Fifth Avenue, Suite 7204 

New York, NY 10118, USA 

Tel: 800-2223 4277 
212-564 5678 

Fax: 212-564 3377 


International ALADDIN 

Office: KNOWLEDGE SYSTEMS LTD. 
15 Вей Oved St., Tel-Aviv, Israel 
P.0.Box:11141 Tel-Aviv 61110 
Tel: 972-3-5375795 
Fax 972-3-5375796 


ALADDIN FRANCE S.A. 
Tel: 33-1 40 85 98 85 
Fax: 33-1 41 21 90 56 
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operating system and interface feature true 
ease of use, and the communications ap- 
plications are intelligently designed. The 
Eo is larger than a PDA, but that gives you 
the advantage of a larger display to view 
full-page faxed documents. 


FirstClass 
SoftArc 


What would you say to getting top-notch 
E-mail and conferencing in one easy-to- 
use multiplatform package? SoftArc's 
FirstClass delivers just that. It is a rare ex- 
ample of a product that can increase pro- 
ductivity right out of the box with a mini- 
mum of fuss. 


Flexscan F760iW 
Nanao USA 


Nanao has combined one of the sharpest 
displays with new power-saving features. 
After a period of inactivity, it cuts power 
consumption from 160 W to 16 W. This 
adds up to significant savings on the elec- 
tric bill of a company using scores of these 
monitors. 


Grid Convertible 386 and 486 . 
AST Research 


The Grid came in the wake of Momenta's 
failed attempt to build a pen-enabled note- 
book PC. At first glance, the Grid Con- 
vertible looks like any other pen tablet, 
but the screen swivels up to turn it into 
a fairly standard notebook computer. In a 
nutshell, the Convertibles have set the 
standard for providing the best of both the 
pen and portable PC worlds in one well- 
designed package. 


A Hard Day's Night 
The Voyager Co. 


Even if you're not much of a Beatles fan, 
you can certainly appreciate A Hard Day's 
Night as an innovative use of the CD- 
ROM medium. The title contains the entire 
movie in QuickTime format accompa- 
ma nied by the origi- 
nal script and a 
related essay. The 
CD-ROM allows 
you to watch the 
movie linearly or 
jump around to 
different spots. 
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IBM Continuous Speech Series 
IBM 


IBM has quietly been working on getting 
you and your computer on speaking terms. 
The ICSS is the result of those efforts. It 
is an OS/2- and AIX-based speaker-inde- 
pendent speech-recognition technology 
that allows you to give your system com- 
mands by talking to it. ICSS will some- 
day reduce many common tasks, such as 
retrieving E-mail or loading applications, 
to a one- or two-word spoken command. 


JVC Personal RomMaker 
JVC Information Products Co. of America 


This Mac-based CD-ROM recorder wasn't 
the least expensive one we tested, but it 
was the easiest to use and the most reli- 
able. With extensive support for the Mac's 
HFS, the JVC Personal RomMaker deliv- 
ers ultimate control for creators of Macin- 
tosh write-once CDs. The unit's dedicated 
hard disk, on which you assemble a CD- 
ROM image before committing it to write- 
once media, also makes for rock-solid 
dependability when creating generic ISO 
9660 discs meant for use on any platform. 


LANtastic 5.0 for Windows 
Artisoft 


Easy to use, easy to install, inexpensive, 
and full of features—what more could you 
ask for in a peer LAN? LANtastic’s Win- 
dows support is well integrated, and you 
also have the option of Mac connectivity. 


Macintosh Centris 650 
Apple Computer 


Recently renamed the Quadra 650, this 
system offers great performance for a low 
price. It makes use of interleaved memory, 
which improves throughput by shaving off 
clock cycles. 


Macintosh Centris 660AV 
Apple Computer 


Recently renamed a Quadra, Apple's 
660AV nevertheless retains its position as 
the best value in multimedia computers. 
[Instead of stuffing a conventional desktop 
machine with numerous add-on boards, 
Apple created a highly integrated system 
with almost everything built in: an AT&T 
3210 DSP to complement the 68040 CPU; 
a full-motion video digitizer; video sup- 


port for NTSC, PAL, and SECAM; com- 
posite and S-video outputs; a new Geo- 
Port for data, fax, and voice telephony; 
audio input and output; PlainTalk speech 
recognition; Ethernet and AppleTalk net- 
working; and a special DAV (digital au- 
dio/video) connector for future expansion. 


Microsoft Encarta 1994 Edition 


Microsoft 


If you own a CD-ROM drive but are dis- 
appointed in the CD-ROM software you 
have seen, buy a copy of Encarta '94: It 
will renew your faith in the medium. Su- 
perbly designed, Encarta is a multimedia 
version of the Funk & Wagnalls Encyclo- 
pedia that Microsoft has enhanced and 
added to. Video and audio clips, anima- 
tions, maps, and hypertext links all work 
together in ways that just make sense and 
enhance your ability to absorb and under- 
stand the information they convey. 


Microsoft MS-DOS 6 


Microsoft 


Despite reports of some users experiencing 
problems, Microsoft has achieved a mile- 
stone by making file compression and 
memory management an integral part of 
the operating system. Millions of users 
who have never used either feature can 
now reap their benefits. (Microsoft recently 
began shipping a version 6.2 upgrade.) 


Microsoft Visual C++ for 
Windows 1.0 


Microsoft 


Microsoft has wrapped a wide assortment 
of support tools around a good С++ com- 
piler. These include tools for building user- 
interface objects, “roughing out" applica- 
tions, and combining executable code with 
the interface. At press time, Microsoft was 
planning to ship version 1.5 by the end of 
1993. 


NetWare 4.0 
Novell 


NetWare 4.0 represents a quantum leap 
in performance and ease of use over ear- 
lier versions. Also key is 4.0’s X.500-style 
NetWare Directory Service. NDS is a 
database of users, data, software services, 
and equipment, and it can span a LAN or 
a WAN (wide-area network). It allows 


In the dog-eat-dog world of 
business presentations, 
we just made you a pit bull 
with the legs of a greyhound. 


In dog racing as in business, if you're not leading On top of all this, the Phaser 200 is a work 
the pack, the view seldom changes. Meet your new leg group printer that gives you the advantages of a laser 
up on the competition: the Tektronix Phaser" 200 printer. Including true Adobe® PostScript" Level 2, 


color printer. It's lean, mean, and very 
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networkability, separate paper and transparency 
very fast. Of course, you 3 
dont have to take our 
word for it, PC Computing | list price of only $3,695?) 
magazine just called it the - For more information 
best overall presentation | | | Tu UR | j " = EE cie or a free output sample, 
printer in the business. 50" ` come into your nearest 
much for the other guys. Jektronix dealer or call 
But what is it that makes the | us at 800/835-6100, 
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coverage and image quality are, in a word, brilliant. We апа ask for document # 5001. 
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color printers by sitting on our hands. Then theres your competition is also reading this ad. And they're 
speed. You get all of this great color at two pages per extremely hungry. So when choosing a presentation 


minute, which is nearly as fast as a regular black and printer, the choice is quite simple. You can either eat, 


white printer. Can you say increased productivity? or be eaten. Bon appétit. Tektronix 


Phaser is a trademark of Tektronix, Inc. PostScript is a trademark of Adobe Systems, Inc. All other marks are trademarks or registered trademarks of their respective companies. 
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administrators to get a handle on the struc- 
ture of a company’s network. 


NextStep for Intel Processors 3.1 
Next Computer 


Next has taken the NextStep operating sys- 
tem, which many considered the best part 
of its ill-fated workstations, and placed it 
on the world's most popular hardware plat- 
form. If you want a truly object-oriented 
system today on your PC, then NextStep 
is your only option. You will also get a 
consistent and easy-to-use interface. ( Ver- 
sion 3.2 started shipping in November 
1993.) 


Pioneer DRM 604X 
Pioneer New Media Technologies 


The Pioneer DRM 604X incorporates the 
best new CD-ROM technology into a sin- 
gle external unit. The drive can hold up to 
six CD-ROM discs in its caddy and auto- 
matically switches among them. The drive 


appears on a PC or Mac system as six dif- 
ferent CD-ROM drives, and it can be eas- 
ily accessed across a network. Pioneer's 
Quadraspin technology achieves a true 
600-KBps transfer rate, four times the stan- 
dard speed, and the drive is Photo CD and 
MPC compatible. Try the Pioneer drive, 
and you'll wonder how you ever survived 
with a single-disc, standard-speed CD- 
ROM drive. 


Psion Series 3a 

Psion 

Psion doubled the usability of its already- 
, capable hand-held computer, and the re- 
sult is an easy-to-use, fun but productive 
computer that slips into your coat pocket. 
А new zoom function and a bigger screen 
make it easier to read your reminders. Even 
better, the new voice-recording feature lets 
you record brief messages and attach them 
to alarms and events. It is well worth the 
$499 price that you will likely pay for the 
Series 3a. 


68 BYTE JANUARY 1994 


Quicken 3 for Windows 
Intuit 


The new version of the leading personal fi- 
nance program for Windows lets you man- 
age your finances in a calendar view, so 
you can look ahead to see when the bills 
are due while planning that getaway va- 
cation and post other reminders to yourself 
as well. Toss in electronic credit-card pay- 
ments, improved financial planning, and 
better checkbook balancing, and you have 
a well-crafted program for the home and 
small-business user. We know of one per- 
son who purchased his first PC just so he 
could use Quicken. 


R4400 
Silicon Graphics 


The 64-bit R4400 is the most powerful 
Mips microprocessor; it features signifi- 
cantly larger caches than does the R4000. 
In 1993, it made its commercial debut 
in such machines as the Silicon Graphics 
Indigo and Magnum, where it forms the 
core of one of the most powerful Windows 
NT machines available. With an integer 
performance of over 90 SPECint92, the 
R4400 has far more horsepower for stan- 
dard business applications than any 80x86 
processor has. 


Stacker for Windows and DOS 3.0 
Stac Electronics 


Speed and ease of use are the two hall- 
marks of Stacker 3.0. You can add relia- 
bility to that list, too. For these reasons, 
Stacker is still the premier compression 
utility for both Windows and DOS sys- 
tems. (In mid-1993, Stac began shipping 
Stacker 3.1, which integrates seamlessly 
with MS-DOS 6, replacing Microsoft’s 
DoubleSpace utility.) 


Symantec C/C++ 6.0 
Symantec 


Symantec C/C++ 6.0 used to be Zortech 
C/C++. If we hadn’t told you that, you 
would probably be unaware of any con- 
nection. Symantec C/C++ is such a quan- 
tum leap beyond its predecessor that the 
two may as well be in separate universes. 
Symantec C/C++’s user interface is de- 
signed around a workspace paradigm rich 
with toolbars, tear-off palettes, and an un- 
derlying drag-and-drop theme that signif- 
icantly reduces overall mouse travel. With 


MFC (Microsoft Foundation Classes) and 
Bedrock bundled in, in addition to the Vi- 
sual Programmer, Symantec C/C++ 6.0 is 
a tough act to follow. 


ThinkPad 500 
IBM 


You'd be hard-pressed to find a 4-pound 
subnotebook with better Windows perfor- 
mance than IBM’s ThinkPad 500. It packs 
a 50-MHz 486SLC CPU made by IBM, 
fast video, and a speedy hard drive. An in- 
telligently designed keyboard and IBM's 
TrackPoint II pointing device make the 
ThinkPad easier to use. 


Video Machine for the PC 
Fast Electronic U.S. 


The Video Machine delivers a high-qual- 
ity video-production system to the PC by 
combining video editing, digital effects, 
audio mixing, titling, and graphics gener- 
ation into one package. A 16-bit ISA board 
plugs into a PC slot, and audio/video con- 
nections to external devices are handled 
through a 62-pin cable splitter that plugs 
into the board. Video Machine uses stan- 
dard control protocols to drive professional 
computer-controlled VCRs. The full-fea- 
tured video-editing software follows the 
popular time-line interface—you create 
video clips and drop them onto the time 
line along with titles and transitional ef- 
fects. With Video Machine, you can turn 
your PC into a desktop video studio. 


Viper VLB 
Diamond Computer Systems 


In a recent Lab Report on 486 PCs, we 
found Viper VLB video boards in many 
of the fastest graphics performers. This 
32-bit VL-Bus card should be a top choice 
of anyone looking for the best in Windows 
performance. 


Watcom C/C++ 32 
Watcom International 


This is not a C/C++ compiler package 
loaded down with application generators, 
class-library browsers, and all the other 
tools that require so many manuals that 
you have to get Hulk Hogan to deliver the 
package and Commander Data to com- 
prehend it. Watcom С/С++ 32 is simply 
a very good С/С++ compiler that generates 
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If that isn't enough, the ViewSonic 17G has a special ARAG™ anti- 
reflection coating, Invar shadow mask and a specially-designed 
dynamic beam focus gun which provides a sharp, crisp screen image. 


ViewSonic 


‚ the suggested retail price is only $999! $ee The Difference!" 


20480 Business Parkway Walnut, CA 91789 
Tel: (800) 888-8583 or (909) 869-7976 Fax: (909) 869-7958 
All products and brand names are registered trademarks of their respective companies. 


| а =" E The EPA only promotes energy efficiency and does not endorse any particulsz company or product. 
OnView™ ;" Ment ViewMalcb ViewMelter Image courtesy of AutoDesk [mage Development Lab. 


This feature-rich 17-inch monitor beats the competition — and 
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well-optimized code for more target plat- 
forms than there is room to name. And did 
we mention Pentium optimizations? Wat- 
com's got that, too, along with some of 
the best benchmark results the BYTE Lab 
has recorded to date. 


WordPerfect Office 4.0 
WordPerfect 


Multiplatform support is at the top of 
the list of improvements to be found in 
WordPerfect Office 4.0. With this version 
of the software, you can coordinate an en- 


tire workgroup's E-mail, calendar, ap- 
pointment list, and so on across Macin- 
tosh, Windows, DOS, and Unix systems. 
WordPerfect also made version 4.0 easier 
to use, providing mouse support for DOS 
applications. M 
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| The new VEDIT PLUS 4.0 does New Version 


what no other editor can: 


Lower 
Price! 


Edit/Patch/Browse any Text/Data/Binary file up to 2 Gigabytes. 


Ty Unique multi mode, multe editor handles any text, 

Г Е: ata 0! ‘Binary fle up to 2 Gigabytes (2000 Megabytes). 

© Edit DOS, Unix and Mac text files, fixed and varlable 

` length data records. 

О Edit in ASCII, Hexadecimal, Octal or EBCDIC, or any 

combination of modes using a split screen. 

ÛJ Edit database (e.g, dBASE .DB), mainframe, Postscript, 
.EXE and other non-standard files. 

CJ Hyper-browse CD-ROM files. 

ÛJ Full featured program editor with flexible compiler 
support. Integrates tools from different vendors. Fully 
supports "make". 


J Convenient word processing and printing. _ 


һе new VEDIT PLUS 4.0 is the result of 14 years of development 
ind feedback from our 100,000- users. We quarantee that it will be 
he fastest, most powerful, flexible, configurable and useful editor 
‘ou have ever had. Try the new VEDIT PLUS risk free for 30 days. If 
‘ou are not fully satisfied, return it for a full refund. 


[he World's Only Universal File Editor 


sure, the editor you got from Microsoft or Borland can edit small 
ext files, but that's about all. VEDIT can edit, view, patch, search/ 
eplace any file you'll ever encounter - database, mainframe, 
"ostscript, .EXE executable, binary, 
tc. Plus it can quickly edit those 
100+ megabyte files for which no 
ther editor is fast enough. 


/EDIT edits data or binary files as 
ffortiessly as text files. Its secret is 
ncredible speed, huge file capacity 
ind special editing modes. 


-ile modes support DOS, Unix and 
Мас text files, plus data files with 

ixed or variable length records. 
Jisplay modes include five ASCII 
nodes, Hexadecimal and EBCDIC, or 
iny combination in a spilt screen. 
.ong lines can be scrolled or wrapped. 


Aeg: dit m 


>owerful Macro Language 


/EDIT PLUS's new C-like macro language automates repeated editing 
yperations, performs file translations and is ideal for "filters". It 
ermits "off-the-cuff" macros to be typed in and immediately 
xecuted; there is no compilation. 


'he macro language Is so powerful that Just a few simple lines can do 
he same work as a tricky 100+ line C program. It can even interface 
o the hardware and machine language routines. 

or example, the single command Search, Block("thomas",1000, 
1000, WORD+COUNT+COLSET,4,20,40) searches for the 4th 
yccurrence of the word "thomas" in the block between file positions 
1000 and 4000, and columns 20 thru 40. 
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New Features in VEDIT PLUS 4.0 _ 


Q All new C-like macro language with over 200 powerful - T 
and flexible commands; complete set of numeric | 
relational and logical expressions; if-then-else, while, — 
do-while, for and other flow control structures. 


Automatic conversions as files are opened and closed. 
Redo reverses the effects of Undo. 

Template editing. Over 100 cut & paste buffers. 
Improved pattern matching and regular expressions. 
Improved multiple file and multiple window operations. 
Improved on-line help and mouse support. 

New technical support and user forum on CompuServe. 


CODOCODOCOQUO 


Ultimate Programmer's Editor 


VEDIT has every advanced feature programmers expect. Multi-file, 
multi-window editing, search/replace with regular expressions, 
template editing, smart indenting, parentheses matching and block 
operations By character, line, file or column. When shelling out, the 
unique V-SWAP program swaps VEDIT, any TSR's and even network 
drivers out of memory in order to run the biggest compilers. 


You Already Know How To Use VEDIT 


With a user interface similar to the Microsoft and Borland editors, 
you will Immediately be productive 
with VEDIT. Drop-down menus, hot 
keys, mouse support, optional scroll 
bars, context sensitive help and point 
& shoot file selection make VEDIT 
easy to use, easy to learn. Safety 
features include undo, redo, auto-save 
and optional backup files. 


The keyboard layout, unlimited 
keystroke macros and everything in 
VEDIT is easily configured. With over 
100 configuration parameters, you 
can fine-tune VEDIT to your exact 
needs and preferences. 


Installation is trivial. Only the 95K 
VEDIT.EXE is required (no overlays) 
and a full installation is only 600K. 


FREE Fully Functional Demo! 
Call 1-800-45-VEDIT | 


VEDIT PLUS - DOS single user license: $149; DOS network 5 user 
license: $325; UNIX/XENIX, QNX: $285. Also VEDIT for DOS: $89. 


À fully functional demo of VEDIT PLUS and a shareware VEDIT jr. are 
avallable on CompuServe and on our BBS. 


VEDIT is a registered trademark of Greenview Data Inc. 


oll Free: 1-800-45-VEDIT (1-800-458-3348) 
lelephone: (313) 996-1300, Fax: (313) 996-1308 
3BS: (313) 996-1304, CompuServe: 71333,3656; GO VEDIT 


Greenview Data 
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State of the Art 


MICROPROCESSOR TRENDS 


Mainstream processors are becoming faster, RISCier, smaller, and less power hungry. They are also 
getting better at emulating non-native instruction sets. 


DICK POUNTAIN 
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ince the 1981 launch of the IBM 

PC, the whole personal computer 
industry has been in thrall to the Intel 
80x86 architecture. The bonds loosened 
only slightly in 1984 by the emergence of 
a smaller, secondary standard around the 
Apple Macintosh’s Motorola 680x0 CPUs. 
Now for the first time in over a decade, it 
looks like there’s a real chance of the mar- 
ket opening up to new architectures. All 
in all, this is an exciting time in micro- 
processor development. 

The effect of the Intel and Motorola 
standards has been good and bad, though 
mostly good. The good speaks for itself; 
the huge proliferation of DOS, Windows, 
and Macintosh software that we use every 
day came about only because there were 
stable platforms to attract application pro- 
grammers. Standardization has allowed 
the PC industry to grow and keep com- 
puters affordable. 


Standards Holdup 

The down side is that the performance of 
mainstream CPUs has evolved more slow- 
ly than it might have, had it not been con- 
strained to preserve backward compati- 
bility with these industry standards. In 
particular, the two main players, Intel and 
Motorola, could not easily adopt those in- 
novations that today we group under the 
name of RISC, because they required ar- 
chitectural changes (e.g., in the optimum 
size of register files) that were too drastic 
to preserve backward compatibility. 

As a result, a new breed of RISC CPUs 
has grown up that outperform the main- 
stream chips; however, they have been ex- 
cluded from mainstream PCs for lack of 
compatibility and, instead, have been con- 
fined to the much smaller technical work- 
station market. These chips include Sun’s 
SPARC, DEC’s Alpha, the Mips R4x00, 
and Hewlett-Packard’s PA-RISC. Also, 
because the workstation market is small 


in volume (although not in value), the pro- 
duction runs on these chips aren’t big 
enough, thus making the chips too expen- 
sive to appeal to PC manufacturers. 

Now this logjam is breaking for sever- 
al reasons. Most important is the decision 
of IBM and Apple to shuck off their 80x86 
and 680x0 standards in favor of the Pow- 
erPC for future products. This will shortly 
make the PowerPC 601 the best-selling 
RISC chip on the market, although its vol- 
ume will still pale compared to 486 sales. 

Also, emulation is at last becoming a 
practical way to achieve compatibility 
among different processors. Emulation has 
been around since Alan Turing and the 
first days of computing, but it has always 
been too costly in terms of performance 
to be commercially viable (remember the 
UCSD P-System?). 

Now, machines like DEC's DECpc 
AXP/150 (using the DECchip 21064 RISC 
processor) or Silicon Graphics, Inc.'s Mag- 
num (using a Mips R4400) can run Intel 
80x86 applications at acceptable speeds in 
addition to achieving blinding performance 
on native RISC code. The Magnum, for 
example, supplies 80 percent of the graph- 
ics performance of a 486DX/33 in running 
the BYTE low-level Windows benchmarks; 
two-thirds of the memory performance and 
almost five times the file I/O performance— 
a reflection of the amazing capabilities of 
the Windows NT file system. 

The cumulative performance index of 
the Magnum running the Windows 3.1 
low-level benchmarks is 2.12 times the 
performance of the 486DX/33 machine 
(see "Is There a Better Windows 3.1 than 
Windows 3.1?," November 1993 BYTE). 
Although this figure is skewed by the file 
ЏО numbers, it indicates that you can get 
486 performance from a RISC platform 
running some form of software emulation. 

IBM and Apple are relying on emulation 
as a medium-term bridge from old to new 


platforms—while few native PowerPC ap- 
plications are available—although the pre- 
cise route is at present shrouded behind a 
swirling confusion of acronymic software 
layers like WABI, MAS, PowerOpen, 
SoftPC, and more. 

Trends in operating-system design are 
helping make emulation feasible, too. Win- 
dows NT's HAL (hardware abstraction 
layer) and true microkernel architectures 
such as Mach greatly reduce the effort in- 
volved in porting a standard operating sys- 
tem to a new processor architecture, by 
concentrating all the hardware dependen- 
cies behind a small and well-defined soft- 
ware interface. Mac and Windows appli- 
cations can spend anywhere between 60 
percent and 90 percent of their time exe- 
cuting GUI-related system calls, so once 
these system routines are rewritten in native 
code only 10 percent to 40 percent of an 
application's code remains to be emulated. 

The longer-term trend toward deeply 
object-oriented operating systems will in- 
sulate applications code even further from 
hardware. For example, Apple Message- 
Pad applications written in Newtonscript 
are processor-independent, running on a 
software virtual machine. 

This leads neatly to the third factor that's 
helping to erode the 80x86/680x0 domi- 
nance—namely, the newly created portable 
PDA (personal digital assistant) market 
sector. PDA applications, with their pen- 
based interfaces and notebook metaphors, 
look so completely different from desktop 
software that applications compatibility is 
not a big issue, only data portability. You 
won't want to run WordPerfect on a pock- 
et organizer so long as you can transfer 
documents easily to and from your desktop 
machine. This freedom is allowing a whole 
new generation of tiny, low-power CPUs to 
struggle for supremacy (see “Intel/VLSI 
Join the PDA Fray” on page 101). 

Of course, Intel is in no hurry to give 
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ир a decade of dominance during which 
it has made a great deal of money. Even 
though it is denied the advantages of start- 
ing from a clean sheet, Intel’s smart engi- 
neers have been able to pick enough of the 
good stuff out of RISC to produce the Pen- 
tium, which has had a mixed reception 
from industry critics; it's faster than many 
people believed possible from the 80x86 
architecture, but it is still some way be- 
hind the RISC leaders. 


Clone Wars 

While this talk of breaking logjams is all 
very exciting, it's as well to remember that 
right now (and for some time to come) the 
Intel 486 is the industry workhorse, only 
recently displacing the 386 as the entry- 
level processor for PCs. But even here 
Intel's dominance is no longer complete 
because a pack of clone 486 manufactur- 
ers—most notably, AMD and Cyrix—are 
snapping way above its ankles. 

Both AMD and Cyrix have developed 
clones of the 486 that claim to be reverse- 
engineered without using any of Intel's 
proprietary microcode, although in AMD's 
case, Intel is still disputing this claim in 
court. The cloners use various stratagems 
to keep an edge over Intel. Cyrix focused 
on pin-compatible replacement chips that 
enable you to skip a generation, so the 
Cx486SLC, DLC, and DRx2 chips fit into 
386 sockets but offer some 486 features 
and near-486 performance. On the other 
hand, AMD offers same-generation-but- 
faster parts; for example, 40-MHz (and 
soon 50-MHz) equivalents for the 4865 X, 
where Intel has to stop at 33 MHz to pro- 
tect sales of its 486DX. Recently, Cyrix 
has changed tack to confront Intel head-on 
at the top of the range. Cyrix's MI chip 
aims to outdo Pentium in the "stealing 
RISC's clothes" game. 

There has been much industry specula- 
tion about what architecture Pentium's 
successor, the P6, will adopt. One plausible 
suggestion is that it could adopt a hybrid 
architecture in which a “риге” RISC core 
emulates the older 80x86 instruction set 
in hardware, by translating 80x86 op codes 
into groups of native instructions—IBM 
is believed to be following this course for 
its future PowerPC designs. The advan- 
tage of such a “Trojan horse" strategy is 
that you could fully support current 80x86 
applications, while a new generation of 
software that uses the RISC's faster na- 
tive instructions is developed to wean users 
gradually onto a new architecture. 

Another possible course is to make the 
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Running the BYTE low-level Windows 
benchmarks, an SGI Magnum 75SC (Mips 
R4400 processor) turns in a credible 
performance in emulation mode against an IBM 
PS/2 Model 90 XP 486 (486DX/33 processor). 
The cumulative index is skewed by the fantastic 
performance of the Windows NT file system. 


Pentium architecture itself RISCier, and 
the most obvious way to do that would be 
to remove the bottleneck caused by the 
small 80x86 register file. This is the way 
Cyrix plans to go with the M1, employ- 
ing a file of 32 registers that can be dy- 
namically renamed to emulate the 80x86's 
eight registers. This would allow up to 
four complete processor states to be stored 
at once, enabling an aggressive strategy 
of speculative branch execution (i.e., fol- 
lowing both branch paths in parallel until 
it becomes clear which is the winner). 
Cyrix claims that this technique will keep 
the MI's pipelines full longer than the 
Pentium's, even though they are deeper 
seven-stage “superpipelines” (see “M1 
Challenges Pentium” on page 83). 

Intel is giving away little about its in- 
tentions just now. Frank Spindler, Pen- 
tium processor marketing manager, says, 
“We see no end in sight to what we can 
deliver with the Intel architecture, both 
within the Pentium generation and future 
generations of processors.” In 1994, Intel 
will introduce a new version of the Pen- 
tium based on a 0.6-micron process tech- 
nology, he adds, which will allow faster 
clock speeds. How much faster Intel won't 
say, but many in the industry expect it to be 
at least 100 MHz. 


Cutting Costs 


° With the arrival of the Alpha and the Pow- 


erPC, you've probably seen all the major 
new RISC architectures for some time to 
come. À generic modern RISC chip uses 
64-bit data paths; large on-chip instruc- 
tion and data caches; and separate integer, 


floating-point and branch-processing units 
that allow the issue of three instructions 
at once (referred to as superscalar). The 
units are deeply pipelined with instruction . 
execution broken up into four to eight 
stages and often have a feed-forward 
scheme to satisfy data dependencies be- 
tween consecutive instructions within the 
pipeline. 

Instead of inventing new architectures, 
RISC vendors, detecting the scent of 
change in the air, are scurrying to reduce 
the manufacturing price of their current 
products (see “RISC Grows Up” on page 
91). Broadly speaking, the cost of a chip in 
volume production is proportional to die 
size, so to make a chip less expensive, you 
use a newer fabrication process that allows 
smaller transistors, or you throw away 
some bits (e.g., from bus widths). Typical 
of this trend is the PowerPC 601, which is 
already cheaper than most 486DX variants 
thanks to an advanced 0.65-micron, four- 
layer metal process and a clever layout that 
reduces the space wasted by external in- 
terface pads. 

Another effective approach is to attack 
overall system cost, rather than just CPU 
cost, by integrating more functions onto 
one chip so that fewer chips are needed to 
build a computer. À striking example of 
this is the DECchip 21066, which inte- 
grates a memory interface and PCI (Pe- 
ripheral Component Interconnect) con- 
troller with an Alpha core. 


Hot Chips 

One question that's taxing all semicon- 
ductor manufacturers nowadays is how to 
reduce power consumption. Originally, it 
was the boom in laptop and notebook com- 
puters that made power into an issue, be- 
cause the 2- to 3-hour battery life that most 
machines could offer was barely accept- 
able. Intel developed the 486SL, featur- 
ing on-chip power management and 3.3- V 
operation, for the portable market. 

Then in April 1993, the U.S. govern- 
ment raised the stakes by instructing gov- 
ernment agencies to purchase only certified 
energy-efficient computers; Intel killed off 
the 486SL and announced that SL power- 
saving technology would be incorporated 
into all its future CPUs. The new PDA 
market has given a further boost to the 
low-power quest, as these tiny machines 
are expected to run for weeks on just two 
or three penlight cells. 

Another pressing reason to seek lower 
power consumption exists: Today's fastest 
CPUS are getting so hot that it has become 


 Power2 ‘Takes the Lead—For Now 


PAUL STATT 


Power2 RISC 
processor, the succes- 
sor to the Power! found 
in its RS/6000 line, com- 


bines aggressive ѕирег- 
scalar execution with a: 


high-speed interconnect 
strategy. This combina- 


tion delivers computing. 


power unsurpassed by 
any other microprocessor. 
As you would expect, 


the Power2 is not inex- . 


pensive. It is used in three 
IBM RS/6000 systems 
that range in price from 
$62,500 (Model 58H) to 
$124,500 (Model 990). 
(Separate chip pricing 
isn't available on the 
Power? since IBM in- 
stalls it in IBM comput- 
ers only.) _ 

The Power2 proves that 
the processor with the 
fastest clock speed is not 
necessarily the most pow- 
erful. At 71.5 MHz, the 
clock speed of the Pow- 


er2 is less than half that. 


of the DECchip 21064 
(200 MHz). Despite this, 


the Power2 is rated at: 
126 SPECint92 and 260. 


SPECfp92, more’ than 
double the score of the 
PowerPC 601 chip and a 
considerable floating- 


Power? Architecture 


Contains 32-KB instruction cache, 
the TLB, two branch units, prefetch 


buffers, 


Control 
bus (P-bus) 


"ты 
E 


Instruction cache reload 
(instructions pass through 
the data cache from off 
chip, but they are not 
cached there) 


and dispatch logic 
td 


Includes two 
floating-point 
ALUS, two load 
units, two store 


Instruction 
bus 


. 


Includes two 
fixed-point 
ALUs, the 
general- 
purpose 
register file, 
and the 
data TLB 


Data lines 
for GPR 
load/stores 


Load/store 
addresses 


Controls 
memory 
and 
peripheral 
access 


TLE = 


With six separate chips in a single multichip module, the Power2 can, under 


units, and the 
floating-point 
register file 


Synchronizes 
operation of 
FPU load and 
store units with 
FXU ALUs, 
which perform 
address 
caiculations 


Data lines for 
—— floating-point 
, register 
load/stores 
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256-KB data 
cache handles 
two accesses 
per clock 


SCU 


Address bus VO bus Data bus 


translation look-aside buffer 


ideal conditions, issue and execute six instructions at one time. 


an interconnection net- 
work. ^ 
The Power2 MCM 
consists of three process- 
ing chips: an ICU (in- 
struction cache unit), a 
fixed-point (integer) unit, 
or FXU, and an FPU. 
Four DCU (data-cache 
unit) chips and an SCU . 
(system-control unit) are 
combined with them. 
Everything is joined in a ^ 
ceramic multichip mod- 
ule that contains a total of 
some 23-million transis- 
tors in a block with an 
area of 4096 mm’; the 
size of a Polaroid print. 
(The die size of the eight 
chips totals 1215 mm.) 
Despite its size, the 
Power2 makes most of its 
own decisions, and it 
needs only 512 I/O con- 
nectors. A lot of that input 
and output is used to 
transfer main-memory 
data into the chip cache 
over a 288-bit bus (256 
data bits plus error-cor- 
rection code) with an in- 
credible peak data band- 
width of 2288 MBps. 
` The Power2 adds some — 
| valuable: extensions to the - 
: Powerl: quad-word | load . 
and store instructions; a 
hardware square root in- 
struction; and new in- 
structions for conversion 


point advance over the 21064. Until 
DEC ships the 275-MHz DECchip 
210644 this fall, the Power2 is the per- 
formance leader. 

Its clock may tick a lot less often, 
but the Power2 does plenty with each 
tick. Specifically, the Power2 executes 
more instructions in parallel than any 
‘other RISC processor: as many as six 
. instructions per cycle, And they can't be 


just any old instructions; to maintain 
that performance, the.Power2 has to 
mix exactly two integer instructions, 
two floating-point instructions, and two 
branch or condition-code instructions. 
That precise mix is required by the 
Power2's architecture: The Power2 is 


'a multichip module; a high-density 


package that mounts individual dies di- 
rectly onto a substrate that incorporates 


of floating-point values to integers. The 
incredible power of the Power2 won't be 
available to PC users: IBM will market 
Power2 computers to the high end, 
while pushing the lower-cost, Power- 
PC in the mass parkol 


* -— 


Paul Statt is a freelance: rechnology writer. You . 
can reach him on the Internet at statt@aol.com: 
or on BIX c/o. "editors." 
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embarrassing. This fact was driven home 
the day I first opened an Alpha-based 
workstation to reveal a huge finned heat 
sink reminiscent of a racing motorcycle. 
These chips are dissipating up to 15 to 30 
W, and further speed increases threaten to 
lead straight back to the age of water- 
cooled computers. 

Steve Furber, original architect of the 
ARM processor family, says that as you 
shrink a chip design, the capacitance of 
the transistors decreases. But since you’re 
switching them proportionally faster (by 
raising the clock frequency), the power 
that each transistor consumes remains the 
same. The transistors are now squeezed 
into a smaller area, so the power dissipat- 
ed per square millimeter rises as the square 
of the process size. So, DEC’s Alpha built 
in a 0.1-micron process—five to 10 years 
from now—would гип at 2 GHz and dis- 
sipate around 3 kilowatts (excellent for 
making toast) if nothing else changed. 

Clearly other features must change, and 
foremost among those is the supply volt- 
age: Voltage and power are related by an- 


Old SAP 
NEW 


Iomega’s just been tagged the new 
low price leader for removable stor- 
age. We've cut prices permanently 
on the most reliable storage devices 
around—including the high-perfor- 
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other square law, so going down from 5- to 
2-V operation yields a sixfold power sav- 
ing (25/4), while dropping to 0.5 V— 
which seems theoretically possible— 
would reduce power 100-fold. Furber sees 
a target somewhere between: "There's a 
very interesting breakpoint at about 0.9 V, 
which is where standard 1.5-V battery 
technology goes when it gets tired. If your 
logic only works at 1.5 V, you throw away 
a lot of battery life. I expect the people 
with real low-power motivation to find 
themselves aiming for 1 V sooner than 
they currently think they're going to." 

To run the CPU at these lower voltages, 
everything in the system—memory, 
ПАКТ, video chips, and so on—has to 
come along, too. So the pursuit of single- 
cell operation for PDAs will eventually 
spawn a complete range of low-voltage 
parts, at which point there will be no rea- 
son for desktops not to follow suit. 


Looking Ahead 
You have more viable CPU choices avail- 
able today than at any time since Intel in- 


Naw SAP Product —— | 
$589 Single 150MB Disk (In 5-Pack) 
$599 Single 105MB Disk 
$599. Single 90MB Disk (in 5-Pack) 
$499 Single 65MB Disk 
$599 Single 35MB Disk 


troduced the first microprocessor back in 
1971. Multiplatform operating systems, 
advanced emulation strategies, and new 
applications that don’t require 80x86 com- 
patibility have created a more open market 
for microprocessors than has existed since 
before the introduction of the IBM PC. 
Whether Alpha, R4x00, SPARC, or Pow- 
erPC can stay in the race with the 80x86, 
however, will depend on how well DEC, 
SGI, IBM, Sun, Apple, and the rest can 
package these technologies into solutions 
that meet customer needs as well or better 
than does an 80x86 processor. 

Even if alternative architectures fail to 
capture more than 10 percent to 15 per- 
cent of the desktop market, they will pro- 
vide price competition for Intel, and they 
will keep those 80x86 engineers busy 
pushing the envelope. In either case, the re- 
sult will be better, more powerful desktop 
machines at reasonable prices. 8 


Dick Pountain is a BYTE consulting editor. You 
can reach him on the Internet or BIX at dickp@ 
bix.com. 
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Discover the basic principle of connectivity... 


SmarTerm’ S stellar PC-to-host элина puts you at 
the center of your system. New SmarTerm emulation 
software for Windows will expand your vision with a 
galaxy of UNIX, VMS, and DG host applications. 
SmarTerm 420 for Windows and SmarTerm 340 for 
Windows have both been upgraded. We also offer 
SmarTerm 470 for Windows, the first full-featured 
Data General 470 emulation product for Windows. 


And coming soon—SmarTerm for Windows NT! 
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a script recorder, and SmartMouse" enhanced mouse 
support! 


"Са lor )" 
Le wor v of (тай 


— n 


l4 & a 1 pa n П 
noe r — Pu sT "a Ya ыа йш э Cuncta 


It's | fact. Yo 
pioneering corporate support tools and utilities. 


ж. ў 


"ll save money and time with SmarTerm’s 


These corporate support tools include simplified 
keyboard remapping, pop-up keyboard, toolbox, 
customizable help system, and enhanced button 
ii with icons or text. 


Its ti the -— moon aug that includes LAT 
and SmarTerm TCP/IP 

as a Windows Sockets 
DLL (a $199 value) FREE 
in every package. Discover 
the basic principle of 


connectivity today. ۴ 
Call 1-800 EMULATE —-— 59 
(1-800-368-5283). 
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` Absoft FORTRAN F77 
for Windows NT™ 
by Absoft Corporation 


A globally optimizing ANSI { 

Standard FORTRAN 77 with all 

DoD MIL-STD extensions. 

Intel486™ and Pentium™ optimizations produce the fastest F77 
applications for NT. Compatible with MS C/C++, windbg, and 
other NT SDK tools. VAX, Sun, Cray, Fortran 90 extensions aid 
in porting code to МТ. Source compatible with other Absoft F77s 
for Macintosh, DOS, NeXTSTEP, & UNIX. 


List: $695 Ours: $599 FAXceten #: 0012-8601 
WindowsMAKER “2p, 
Professional 5.0 9, 
by Blue Sky Software On, 


Next generation of the most powerful 
C/C++ Code Generator and Prototyper 
for Windows 3.1, NT & Win32s. The 
fastest way to create full-featured 
Windows apps. This product stands out, 
does everything—even a toolbar can be 
created with 1 click! Test run your design, make changes inter- 
actively, generate code for multiple platforms—ANSI C, МЕС, 
OWL, etc.; widest compiler support in industry. TrueCode tech- 
nology—user code is 100% preserved. Highly recommended! 


List: $1,096 Ours: $899 FAXcetera #: 2602-0003 


c-tree Plus® 
by FairCom 


DOS * WINDOWS * NT * UNIX • 052 « SUN 
e RS6000 • HP9000 * MAC * QNX ° 
BANYAN * SCO. This well known, highly 
portable data management package has 
become established as the tool of choice for 
commercial development. Offeríng unprece- 
dented data control. programmers may 
choose from direct low level access, ISAM level convenience, or 
SQL access with the FairCom Server. Single User, MultiUser, or 
Client/Server, ANSI Standard. 


List: $595 Ours: $505 FAXcetem #: 1381-0008 
Call Programmer's Paradise" Italia for special pricing in Europe. 
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^ « « « | Network C Library 
Dy Automation Software اک‎ 
onsultants, Inc. Зо, Ow 


The most comprehensive library available 
for NetWare software development, support- 
ing all versions of advanced NetWare. Over 
450 C functions, include any features from 
the NetWare command line utilities and 
menu utilities in your C or BASIC programs 
for Windows or DOS. No licensing hassles. C 
library source code available. 


List: $395 Ours: $355 


FAXceten #: 1004-9201 


Spread/VBX 2.1 
by FarPoint Technologies, Inc. 


Spread/VBX 2.1 is a versatile con- 
trol used to implement not only 
spreadsheets, but grids, Listboxes, 
toolbars, and any other control 
imaginable. With over 250 proper- 
Чез. Spread/VBX 2.1 is the most 
comprehensive Visual Basic control 
| rallable, unparalleled by any other 

ackavedinits features, flexibility and power. 


List: $245 Ours: $226 FAXctem #: 0023-6801 


PRODUCT OF THE MONTH 


Q+E Database Library 
| by Q+E Software 


| QFE Database Library 2.0 streamlines 
| DBMS-independent applications develop- 
ment by providing transparent access. to 
major SQL and PC DBMS from user's 
desktops with automatic support for 
ODBC & IDAPL QELIB2 works with exist- 
ing developmeni tools and is simply the 
best way to add complete DBMS access to applications today, 
and tomorrow! 


List: $699 


Ours: $559 FAX #: 2625-0002 


CA-Clipper 5.2 and 
CA-Clipper/Exospace 
by Computer Associates 


Buy CA-Glipper 5.2 or the competitive 
Upgrade, the premier Application develop- 
ment System, and take advantage of CA- 
Clipper/Exospace. which includes Virtual 
memory manager and allows you to run CA- 
Clipper Applications in Protected mode. 


| CACiipper7ExoSpace 


*CA-Clipper Comp. Upg.: List: $199 Ours: $149 
CA-Clipper/Exospace: 
FAXtete #: 1004-0017 
*while supplies last. 
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Symantec С++ 
Professional 6.0 

| by Symantec 

Reach new levels of programming 
power with Symantec C++ for 
Windows, DOS, and Win32s. 
Breakthrough new IDDE revolution- 
izes the way you work. Includes optimizations and tools, 
OPTLink linker and Blue Sky visual tools, with MFC 2.0 and 
Win32s, and 8000 pages of documentation. 


Competitive Upgrade for Borland or Microsoft customers $189. 


List: $499 Ours: $299 
Comp. Upgrade List: $199 Ours: $189 
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by MetaWare, Inc. 


NEW RELEASE! High C/C++ version 
3.1, MetaWare's 32—bit compiler is 
shipping. Includes a 32-bit source-level 
debugger, and a 32-bit Application 
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WATCOM VX. REXX 
by WATCOM Int'l Corp. 


WATCOM VX*Rexx Ib. an easy to use 
vishal development environment for 
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the capabilities of OS/2 2.x and 
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graphical user interface. УХ°НЕХХ 
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Microsoft Visual Basic 3.0 
by Microsoft Corporation 


| Now with built in data access, OLE 2.0 and 
more! Program for Windows the fast, easy 
way with MS Visual Basic for Windows. 
Standard Edition. A visual development 
| environment, flexible programming lan- 
guage. and now access to your data make 
this the most productive way to go from ini- 
tial (deas to impressive applications. 


BEST PR 


Standard List: 8199 Ours: $139 
Version Upg. List: $ 49 Ours: $ 45 
Comp. Upg. List: 5 99 Ours: $ 95 
Prof. Edit. List: $495 Ours: $339 
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Master the art of multi-platform GUIs. Developers judge XVT to be a masterpiece. 

XVT Software is the leading choice of world-class ХУТ is the base document for the IEEE's GUI 
developers for one reason: It is the simplest, quickest path standardization effort. Our thousands of customers include ҖЫ 
to building quality applications that port to every GUI internal and commercial developers like: Alcoa, Amoco, 
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Plus, it’s easier to leam and use than native toolkits, so your Software, Kodak, Lockheed, NCR, NEC, NIST, Novell, 
time and effort goes into your application, not your GUIs. Rockwell, Siemens, Sony, Southwestern Bell, Tandem, 

XVT gives you simultaneous original GUIS. Uic aria Ub RU 
Because XVT uses native GUI objects, your application Call now for a Free XVT Demo 
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equivalent cross-platform functionality appropriate to each 1-800-678-7988 
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XVT Development Solutions for C include an 
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| CHALLENGES PENTIU 


The Cyrix M1 architecture brings more of the benefits of superpipelining and superscalar execution 
to 80x86 programs without requiring recompilation 


BOB RYAN 


| ntel's Pentium is no longer the only su- 
perscalar 80x86 processor on the block. 
Cyrix recently unveiled its M1, a 64-bit 
superscalar processor architecture designed 
to execute the industry-standard 80x86 
instruction set. Cyrix (Richardson, TX) 
plans a family of processors based on the 
M1 architecture. At this time, however, 
the company is mum about exactly what 
time this year it will release the first M1 
processor. 

According to Cyrix, the greatest ad- 
vantage the М1 holds over the Pentium is 
that it runs your current software faster. 
Cyrix estimates that you will receive up 
to 90 percent of the performance benefits 
of the M1 architecture when using nonre- 
compiled code. Intel estimates that non- 
recompiled code runs 70 percent as fast 
as optimized code on the Pentium. 

The Pentium promised the best of both 
worlds: RISC-level performance coupled 
with the ability to run industry-standard 
software. It delivers this, but not to all pro- 
grams. To get the best performance from a 
Pentium, you have to recompile your soft- 
ware using a Pentium optimizing com- 
piler. And because commercial developers 
are not in the habit of releasing their source 
code, this means waiting for language sup- 
pliers to create the compilers, commercial 
developers to use them, and software pub- 
lishers to get the results into your hands. 

The nature of superscalar pipelined 
processors makes this recompilation nec- 
essary. Because they can execute instruc- 
tions in parallel, a superscalar processor 
works best when it can avoid situations 
where one instruction is dependent on the 
results of a parallel one. Most superscalar 
processors rely on an optimizing compiler 
to keep instructions with interdependen- 
cies from executing in parallel. The M] 
employs an advanced design to eliminate 
these dependencies. 

The М1 architecture is superscalar; it 
can execute more than one instruction at a 
time. Consequently, like the Pentium, it 
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SELAA МІ Challenges Pentium 


Large four-way set-associative 
cache is the primary data cache 
and secondary instruction cache 


M1 Building Blocks The X and Y pipes are 


Contains branch target buffer not identical. Change-of- 


- .256-byte, 
- fully associative 
` cache 


Instruction- 
line cache 


128 
bits 


Fetch and decode 


Integer execution 
pipelines 


Contains 
32 physical 
registers 


Can hold 
four FP 
instructions 


FP queue S 


Includes 
FP stack 


Prevent writes 
to cache 
during speculative 
execution 


Like the Pentium, the M1 features dual-integer pipes. Unlike the Pentium, the МІ uses a unified cache in conjunction 
with a separate instruction-line cache. Also, the FPU on the МІ is not as aggressively pipelined as that of the Pentium. 


can execute two integer instructions at 
once. Unlike the Pentium, it can also exe- 
cute integer instructions in parallel with 
floating-point ones, so floating-point exe- 
cution does not stall the execution of fixed- 
point instructions. In addition, the M1 is 
superpipelined; it breaks instruction pro- 
cessing into more stages and finer stages 
than does the Pentium. This lets the M1 
process more instructions at once and in- 
troduces higher timing margins per pipe- 
line stage, which, in turn, lets the proces- 
sor run at higher clock rates. 

The significance of the М1 is twofold. 
First, it incorporates many innovations that 
will let your current crop of applications 
run much faster than they do now and 
make possible applications that use rich 
data types such as digital video. Second, if 
successful, the МІ will provide competi- 
tion to Intel on the high end. This could 
result in lower prices for high-end 80x86 
processors, whether Pentium or M1. The 
result is a higher price/performance ratio. 


The Basics 

The М1 consists of an IU (integer unit), 
an FPU, a unified cache, an instruction 
cache, a BPU (branch-prediction unit), an 
MMU (memory management unit), and 
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and prediction logic 
256 bits 


Virtual prefetch 
address 


Unified 
csche 


32 biis 


32 bits 


Virtual-data 


Physical prefetch Data 
addresses 


and data addresses reads 


Translates virtual addresses to 
physical addresses used by cache 
and external memory system 


a BIU (bus-interface unit). Because the 
specifics of these units will vary with dif- 
ferent implementations, the discussion that 
follows concentrates on the principles of 
the MI architecture, not on any one mem- 
ber of the МІ family. Cyrix plans to make 
specifics available when it is closer to ship- 
ping products based on the architecture. 
The heart of the MI is its IU, which, 
like the Pentium, contains two integer 
pipelines. In the M1, these are called the X 
pipe and the Y pipe, and they are divided 
into seven stages, as opposed to the five on 
the 486 and the Pentium. The seven stages 
are Fetch, Decode |, Decode 2, Address 
Calculate 1, Address Calculate 2, Execute, 
and Writeback. By contrast, the 486 and 
Pentium pipelines use single stages for de- 
coding and address calculation. A deeper 
pipeline lets the М1 have more instruc- 
tions in various stages of processing than 
the Pentium or 486, but it also makes the 
pipeline more susceptible to hazards that 
can cause stalls and thereby introduce bub- 
bles into the pipelines. (Bubbles are empty 
pipeline stages. You get optimal perfor- 
mance from a pipeline by keeping it full of 
instructions, not bubbles.) Dealing dy- 
namically with hazard conditions is the 
major highlight of the M1 architecture. 


flow, floating-point, inte- 
ger multiply and divide, 
and so-called exclusive in- 
structions can execute in 
the X pipe only. Exclusive 
instructions are any in- 
structions that could fault 
during execution, and they 
typically include those 
that make multiple mem- 
ory accesses. However, 
such instructions can use 
both pipelines to fetch 
their operands. 

The IU prefetches in- 
structions 16 bytes per 
clock from the 256-byte, 
fully associative instruc- 
tion cache and deposits 
them into the 16-byte 
prefetch buffer in the 
Fetch stage. The instruc- 
tion cache is small, but it 
is more flexible than the 
caches many processors 
use because it is fully as- 
sociative; any instruction 
can be stored at any loca- 
tion in the cache, not just 
in a certain bank based on the set associa- 
tivity of the cache. 

In the Fetch stage, the prefetch address 
is used by the BPU to predict the direc- 
tion of any conditional branch instruction 
in the buffer. Like the Pentium, the M1 
deploys dynamic branch prediction using 
a branch target buffer. In addition, the BPU 
contains a return stack, where it pushes a 
target address during a subroutine call and 
pops it at return. 

From the Fetch stage, instructions move 
to Decode 1, two instructions per clock. 
Here, the processor determines the length 
of both instructions. The two instructions 
then movc to Decode 2, where the integer 
pipeline—a single unit up to this point-— 
splits into the X and Y pipes. 

Two major events happen in Decode 2. 
First, the instructions are fully decoded, 
and their entry points into the microcode 
ROM determined. Second, the М1 deter- 
mines the optimum pipe for the execution 
of each instruction. Special logic in De- 
code 2 “looks down” each pipe to deter- 
mine whether, for instance, the instruction 
in the X pipe should continue in this pipe 
or switch to the Y pipe. This logic helps 
eliminate or “squash” bubbles caused by 
stalled instructions. For now, Cyrix will 


External 
interface 


Determines 
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not reveal details of this “pipeline opti- 
mization” logic. 

It is also important to note what does 
not go on in this stage. The MI doesn't 
check for dependencies between instruc- 
tions. As these are handled dynamically 
and could in fact change due to some of the 
advanced techniques used in the M1, there 
is nothing to be gained by checking for 
dependencies here. 

After Decode 2, an instruction passes 
to Address Calculation | where addresses 
for operands are calculated. Here, the 
process gets very interesting, because you 
encounter thc first major departure from 
standard implementations of the 80x86 ar- 
chitecture. Unlike every other 80x86 
processor, the М1 doesn't have eight GPRs 
(general-purpose registers). It has 32. More 
important, the М1 contains a mecha- 
nism—register renaming—that allows 
software that only knows about eight reg- 
isters Lo take transparent advantage of the 
32 GPRs: The MI doesn't mess with the 
logical 80x86 programming model. Reg- 
ister renaming has a big effect on how the 
MI handles pipeline hazards that can de- 
grade the performance of your 
software (see "Pipeline Hazards" 
on page 87). 

Following Address Calculation 
| comes Address Calculation 2, 
which actually accesses the oper- 
ands, making them available to the 
Execute stage. After the Execute 
stage comes the Writeback stage, 
where results are written to the 
register file. Most of the pipeline 
hazards, which can stall the MI's 
pipelines, appear in the last three 
stages. 

order 
Instant Gratification 
The most common hazard in pipe- 
line processing is an RAW (read- 
after-write). While an RAW hazard 
doesn't introduce large bubbles 
into a pipeline, it can have a seri- 
ous effect on performance because 
it can occur relatively frequently. 
To reduce such dependencies, the 
MI uses data forwarding hardware 
to make operands and results from 
executing instructions available 
immediately to instructions earlier 
in the pipeline. 

Consider this RAW example: 
Instruction f copies a value from 
memory to a register. Instruction j, 
which follows i in the pipeline, 
adds the retrieved value to that 


out of 


order 


Instructions 
can complete ل‎ 


program 


stored in another register. Normally, a 
pipeline interlock mechanism would stall 
instruction j in Address Generate 2 until i 
completes execution and moves to the 
Writeback stage, where it could then write 
the value to the register. 

But with data forwarding, the value is 
immediately available to j. In effect, in- 
struction j “reads” the result of f, instead of 
waiting for i to write to a register and then 
reading the register. This forwarding tech- 
nique can bypass not only register writes 
but also memory writes, making data avail- 
able without a wait for associated mem- 
ory or register updates. [t can also make 
data from the cache available to instruc- 
tions as quickly as register-resident data. 

An important note about data forward- 
ing is that it occurs across the X and Y 
pipes. Thus, instructions that would nor- 
mally stall in a 486 or Pentium pipeline 
can actually execute in parallel on the M1. 


Register Renaming 

While data forwarding is great for deal- 
ing with RAW hazards, it doesn't have an 
effect on control hazards and can actually 
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make possible the other types of data haz- 
ards. To handle these situations, the M1 
employs register renaming. 

Register renaming is transparent to soft- 
ware. Anytime it detects that an instruc- 
tion in the Address Calculation 1 stage 
will write a value to a register, the renam- 
ing mechanism assigns one of the 32 phys- 
ical GPRs to the indicated logical regis- 
ter. For example, if an instruction adds a 
constant to a value in memory and stores 
the result in register AX, register renaming 
will assign AX to the first open physical 
register. 

The renaming logic uses a scoreboard- 
ing system to keep track of which physical 
registers are in use and which are free. If 
the next instruction again writes to AX, 
the М1 will assign a different physical reg- 
ister to handle that write. To see how this 
mechanism eliminates WAR (write-after- 
read) and WAW (write-after-write) de- 
pendencies, consider the two instructions 
in the table “Standard 80x86 Operations.” 

Assume the two instructions issue in 
parallel; the first instruction to the X pipe 


and the second instruction to the Y pipe. 
continued 
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sequence 


[=X pipe 
CY pipe 
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of two instructions 
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e Calculates addresses; 
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From 
registers 
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* Register and cache 
access 


* ALUS with shifters in 
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e Write to registers 


registers and cache 


forwarding To write 
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The M1 features two more pipeline stages than does the Pentium, along with a feed-forwarding mechanism 
that can eliminate stalls by bypassing register and memory writes. Cyrix will not reveal details of the pipeline 
optimization logic that determines which pipe an instruction issues to after Decode 2; however, some things the 
logic might look for—and try to avoid—are conflicts in accessing resources outside the pipeline, such as the 
MMU and cache, and sending instructions down a pipe that already contains a long-latency instruction. 
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[- 


Without data forwarding, this 
combination will result in a 
stall because of the existing 


The second instruction will 
be stuck in Address Generate 
2 until the first instruction 
moves to Writeback. 

Now, consider the situation 
in the table “M1 Operations," which re- 
flects the M1’s use of data forwarding and 
register renaming. Assume that initially, 
logical AX is assigned to physical register 
0, and BX to physical register 1. 

The data forwarding allows MOV and 
ADD to use the contents of the memory 
location at the same time, removing the 
RAW dependency noted above. The sec- 
ond instruction doesn't have to wait until 
the first instruction writes to logical regis- 
ter AX before it can use the data; there- 
fore, both instructions can issue to the ex- 
ecute stage at the same time. 

Without register renaming, however, 
you get a WAW hazard when both in- 
structions execute together, as both in- 
structions try to write to logical АХ at the 
same time. The register renaming mecha- 
nism removes this hazard by assigning two 
different physical registers to logical AX. 
First, in the Address Generate 2 stage of 
the first instruction, it assigns logical AX 
to register О. In the same stage of the sec- 
ond instruction, it then assigns AX to reg- 
ister 2, the next available physical register. 
Thus, when the two instructions move to 
Writeback, they write to different physical 
registers, with the first instruction writing 
to register © and the second instruction 
writing to register 2. Internal hardware 
keeps track of which register contains 
which version of logical AX while guar- 
anteeing register integrity. 


execution 


Speculative Execution 

Although it handles data hazards through 
register renaming, the extended register 
set of the М1 is perhaps of greater benefit 
in dealing with control hazards. These are 
not as frequent as data hazards, but they 
can exact a much bigger performance hit. 
À control hazard often can be cleared only 
by accessing the external memory system, 


Standard 80x86 Operations 


Instruction Operation 


MOV AX,[mem] Сору contents of [mem] to AX 


ADD AX,BX 
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* 32 GPRs with register renaming 

• data forwarding prevents RAW 
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Add the contents of AX and BX and 
store the result in AX 


Se nog: MI Challenges Pentium 


* two integer pipes 
` * five pipeline stages 


e pipelined FPU 
* eight GPRS 


- * branch prediction 


which consumes many more cycles than a 
one-stage bubble introduced by an RAW 
hazard. 

As was mentioned above, the M] em- 
ploys dynamic branch prediction to try to 
keep the pipelines filled whenever it en- 
counters an unresolved conditional branch 
instruction. It doesn't have to wait until a 
branch condition is resolved before it can 
continue execution. (Branch prediction is 
a function of Fetch, which is several stages 
before Execute where a condition would 
be evaluated.) If the BPU predicts that 
the branch won't be taken, it continues 
prefetching the current instruction stream. 
If it predicts that a branch is taken, it 
prefetches the new instruction stream and 
sends these instructions to the pipeline. 

The MI is not alone in letting process- 
ing proceed before a conditional branch 
is evaluated, but unlike processors such 
as the Pentium and the PowerPC, it permits 
this processing to proceed through the 
Writeback stage. In effect, the M1 lets in- 
structions execute speculatively while wait- 
ing for a branch to be resolved. Other 
processors stall the pipelines so that reg- 
isters can't be written to until the condition 
is resolved. 

Register renaming makes speculative 
execution possible. The M1 contains four 
checkpoint registers that it uses to match 
registers to a particular machine state dur- 
ing speculative execution. For example, 
registers 3, 4, 5, and 6 might correspond to 
the prespeculative state of the machine, 
while 0, 1, 2, and 7 might correspond to the 
logical registers after a conditional branch 
is encountered. Once the conditional branch 
is resolved, the checkpoint registers let the 
machine reconstitute its original state if 
the branch prediction was incorrect. This 
reconstitution takes just one cycle. 

The four checkpoint registers allow four 
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levels of speculation, Thus, 
the MI can continue pro- 
cessing even when it has 
four unresolved conditional 
branches pending. The only 
caveat about speculative ex- 
ecution is that no memory 
writes are allowed to pro- 
ceed beyond the write 
buffers that are appended to the two inte- 
ger and one floating-point Writeback 
stages. The М1 also allows floating-point 
instructions to execute speculatively while 
maintaining precise exceptions. 


Floating Point and More 

Unlike Intel with the Pentium, Cyrix did 
not devote major design or silicon re- 
sources to boosting the floating-point per- 
formance of the M1 to RISC-like levels. 
Given that Intel's own instruction profiling 
indicates that the average 80x86 business 
applications suite spends less than | per- 
cent of its processor cycles executing in 
the FPU, this neglect is understandable 
and defensible from a marketing stand- 
point. With 80x86 applications, integer 
performance is everything. The differences 
between the M1 FPU and that on a 486 
include a four-instruction queue preced- 
ing the FPU, a write buffer that follows it, 
and enhancements to many of the float- 
ing-point algorithms. 

Of greater interest are the two caches. 
One is a unified cache that contains both 
instructions and data; the other is the pri- 
mary instruction cache. Thus, the unified 
cache is both the primary data cache and 
the secondary instruction cache. 

The instruction cache is 256 bytes long 
and is fully associative, eliminating the 
need for any table lookup to access the 
contents of the cache. In parallel, the 
prefetch address is also sent to the MMU 
so that if prefetch misses in the instruc- 
tion cache, it can access the unified cache 
without additional delay. The M1 contains 
special logic that preserves coherency be- 
tween the instruction cache and the uni- 
fied cache and between both caches and 
the execution pipeline, to handle problems 
introduced by self-modifying code. 

The unified cache, which is expected to 


M1 Operations 


Operation 


Copy contents of [mem] to R(O) 


Add contents of [mem] to R(1) and 
store result in R(2) 


be at least as large as the combined sizes of 
the separate instruction and data caches 
on the Pentium (8 KB each), holds both 
data and instructions. It is four-way set- 
associative and uses a 32-byte line size. 
Being unified, it can dynamically balance 
the changing needs of a program for more 
or less cache memory of each type. Be- 
cause it is a physical cache, TLB (transla- 
tion look-aside buffer) lookup and, if nec- 
essary, address translation takes place 
before cache lookup. On a TLB hit, data 
and instructions are available immediate- 
ly to the execution pipelines. A TLB miss 
introduces a minimum three-clock latency. 
On a complete cache miss, of course, the 
processor accesses the external memory 
system to bring the required instructions or 
data into the cache. 

The unified cache has two read-write 
ports, so it can handle two accesses per 
clock. It does so by dual-porting the cache 
tags and TLB and by interleaving the cache 
memory on 16-bit boundaries. This results 
in a 16-level interleave factor—based on 
the 32-byte line size—which divides the 
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flushes, and fills) overwhelm the two T/O ports the cache possesses. In dealing with struc- - 
` tural hazards, designer must decide whether the frequency of a particular instruction com- 
bination merits the extra transistors that would be required to handle the hazard condition. — 

Control hazards i can occur when a branch i instruction executes. Ifthe branch goes toan 
address thatisn’tin the ‘on-chip caches, the execution pipelines will stall for as long asittakes | 
for the proper follow-on instructions to be retrieved from off-chip. The most difficult - 


_ branches to deal with are conditional ones, where the branch is taken based on the condi :- 


боп of a flag or the value ofa memory | location or ‘register, which т isn’ 1 calculated — 
until just before the conditional branch instruction executes. - v cU AE. oe 
. Ina data hazard, c one instruction is dependent on a preceding i instruction. For example, . Е 


P ше firsti instruction writes its ‘results to register BX, the second instruction can’t read from _ 
` BXuntil the first. finishes the Writeback stage. Because registers are rea 


din Address Cal- 
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example ofa RAW (read-after-write) dependency; if the secondi instruction. were to read ВХ 


cache into 16 banks. Thus, as lon g as two before the first wrote. to Jit, the secondi instruction Ne beusing anincorect vale, destroying br 


simultaneous accesses go to different 
banks, they can proceed in parallel. At 
least some members of the M1 family will 
support the MESI (modified, exclusive, 
shared, invalid) multiprocessing cache- 
coherency protocol. 

The BIU determines the width of the 
MI's connection to the outside world, 
which may differ with different imple- 
mentations of the architecture. Internally, 
data buses are 64 bits. On the instruction 
side, the path from the unified cache to 
the instruction cache is 256 bits, while that 
from the instruction cache to the prefetch 
buffer is 128 bits. GPRs and integer write 
buffers are 32 bits, while the floating-point 
stack, queue, and write buffers store 64-bit 
entities. 


Outstanding Questions 
Four questions remain on the M1: Will it 
be compatible? When will it be available? 
How fast will it be? And how much will it 
cost? Bruce Burkhardt, director of strate- 
gic marketing for Cyrix, states that the 
architecture has proven compatible with 
80x86 software in simulation testing. He 
feels that the company's experience in pro- 
ducing 486-compatible chips—as opposed 
to 486 clones—has given the company the 
experience it needs to implement the M1 
architecture. 

Burkhardt expects that systems based 
on the MI will be available by the end of 


| the integrity of the. program logic. 


Other data hazards are a WAR (wri isle ied) anda WAW (write-after- write). AWAR 
occurs when a follow-on instruction tries to write to a register before a preceding one reads 
it AWAW Occurs уп Шау instruction writes toa Spas beforea a кееш One. 


the year. That would indicate that Cyrix 
expects to sample the chip in the first half 
of 1994 and that the company may already 
have first silicon. Burkhardt declined to 
comment on first silicon or sampling dates. 
Pricing is also up in the air at this time. 

Regarding performance, Cyrix expects 
the М1 to be faster in integer operations 
than the Pentium at comparable clock 
speeds, especially when running unre- 
compiled binaries. By way of demonstra- 
tion, Cyrix points to the inner loop of the 
sieve benchmark program, which the Pen- 
tium processes in 34 clock cycles. The M1 
architecture processes the same loop in 20 
clock cycles by using data forwarding, reg- 
ister renaming, and pipeline optimization to 
significantly reduce the number of pipeline 
stalls. Cyrix is not claiming that the M1 
will run all integer code 70 percent faster 
than the Pentium but the demonstration 
does identify how the features of the ar- 
chitecture can work to keep instructions 
flowing through the pipelines. 

What the demonstration doesn’t answer 
is how well balanced the M1 design is. In 
the Pentium, Intel worked hard on in- 
creasing the 1/O bandwidth of both the in- 


struction and data side of the processor. 
The MI is more focused on the internals of 
the processing pipeline, although, of 
course, Cyrix didn’t neglect I/O bandwidth 
issues. Only testing of a final product in 
a system will tell whether Cyrix has 
achieved that balance of processing and 
I/O bandwidth so necessary to a success- 
ful processor design. 

Burkhardt states that the M1 is designed 
for speeds of 100 MHz and above. Such 
speeds are a competitive necessity because 
Intel will have high-speed Pentiums from 
its 0.6-micron-device facility available ear- 
ly this year. 

The MI is an ambitious project, one that 
Cyrix thinks it can pull off based on 
its experience producing 486-compatible 
processors. While it won't be possible to 
judge the success of the design until it is in- 
corporated into systems, Cyrix deserves 
kudos for pushing the envelope on 80x86 
designs in particular, and on commercial 
microprocessors in general. ili 


Bob Ryan is a BYTE technical editor. He can 
be reached on the Internet or BIX at b.ryan 
bix.com. 
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As RISC moves to the mainstream, vendors are broadening their offerings to appeal to various users 
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ver since Sun Microsystems popu- 

larized RISC workstations in the 
тіа-19805, the goal of RISC chip design- 
ers has been unvarying—better perfor- 
mance. Having the most powerful chip on 
the market meant more than bragging 
rights; it meant sales. Portable operating 
systems and the explosive growth of the 
workstation market meant that many peo- 
ple bought workstations based on perfor- 
mance alone. 

Today, the possibility of RISC making 
inroads into the desktop computing market 
has blunted the hell-bent pursuit of per- 
formance. Suddenly, price/performance, 
features, and ease of integration have as- 
sumed greater importance as companies 
such as DEC, Sun Microsystems, IBM, 
Motorola, and Mips go head to head with 
the Intel 80x86 juggernaut. Raw perfor- 
mance will get you only so far if it prices 
you out of 95 percent of the market. 

The possibilities of RISC on the desktop 
has had a direct effect on RISC design. 
RISC designers are beginning to broaden 
their product offerings. This trend toward 
product-line diversification has manifest 
itself in a number of new chips from RISC 
vendors. 


Alpha Attacks System Costs 

In 1992, DEC entered the RISC market in 
a big way, with the Alpha, a 64-bit RISC 
architecture that the company claims will 
carry it well into the next century. Alpha 
hit the scene with a splash. At introduc- 
tion, it was the world's most powerful mi- 
croprocessor, and it remains the world's 
fastest single-chip microprocessor. Of- 
fered at 133, 150, and 200 MHz, the DEC- 
chip 21064 is ideal for high-end worksta- 
tions and multiprocessing servers. (Alpha 
should retake the world's fastest bar-none 
crown from the IBM Power2 later this year 
with the release of the DECchip 21064A, 
a 275-MHz implementation of the Alpha 
architecture.) continued 
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Integrating an Alpha core with both memory and PCI controllers yields a powerful chip that is 


^ includes 12-entry TLB 


Supports 5-V 
PCI peripherals 


` 64-bit external bus 
Saves pin count | 


Яб he 3 
Ret > èl р Ы 2 = y 


easy and inexpensive to integrate into a system. Despite its added functionality, the DECchip 21066 


requires 144 fewer pins than the 21064. 


Last year, DEC introduced the first 
variant of the Alpha architecture. Dubbed 
the DECchip 21066, the chip is designed to 
be the centerpiece of DEC's RISC PC 
strategy. It will be used in systems that 
run Windows NT and thus compete di- 
rectly with Intel's high-end 486 and Pen- 
tium processors. 

To compete with the high-end 80x86 
machines, you need morc than an inex- 
pensive chip; you need an inexpensive 
system. The 21066 is designed with sys- 
tem costs in mind. It uses the 21064 core, 
so it is fast. It includes a memory inter- 
face—to SRAM (static RAM), DRAM, 
and УКАМ (video RAM)—on the chip 
and a PCI (Peripheral Component Inter- 
connect) controller; therefore, it has most 
of the logic a systems designer requires 
to implement а complete system. This is 
important since unlike the 80x86 ma- 
chines, a huge support-chip industry 
doesn't exist around the Alpha architecture 
or any other RISC architecture. 
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In a further attempt to keep system costs 
down, the 21066's memory interface is 
64 bits wide, which.is half the width of 
the external memory bus of the 21064. 
Even though this narrower bus has a neg- 
ative impact on performance, it makes it 
simpler to design a system around the 
21066. 

The 21066 is manufactured using 
DEC's 0.68-micron, three-layer-metal 
CMOS technology. The chip's size is 209 
mm’, and it operates internally at 3.3 V, 
although it can connect seamlessly to 
5-V peripherals. Initially clocked at 166 
MHz, the chip will dissipate over 20 watts 
of power, making it unsuitable for note- 
book implementations. The 21066 is priced 
at $424 each in quantities of 1000. 

Based on simulations, DEC expects 
about 70 SPECint92 and 105 SPECfp92 
performance from the 21066, which is a 
bit higher than the Pentium's 66-MHz in- 
teger performance (64.5) and nearly twice 
its floating-point performance. With a high 


degree of integration that will result in 
lower system cost, the 21066 will find its 
way into many NT servers and high-end 
desktops. 


Integration, SPARC Style 

Another company aiming to keep system 
costs down is Sun Microsystems, which, in 
conjunction with Fujitsu, has developed 
the MicroSparc II. a follow-on to the orig- 
inal MicroSpare | architecture. The Mi- 
croSparc 11 is an implementation of version 
8 of the SPARC architecture. As such, it is 
compatible with the thousands of applica- 
tions available for SPARC systems. 

The MicroSparc Il is the low end of an 
expanding SPARC product line. It is de- 
signed for low-cost implementations, both 
desktop and portable. Above MicroSparc 
comes SuperSparc, a superscalar SPARC 
implementation built by Texas Instruments 
for desktop systems. At the top of the line, 
sun has recently announced UltraSparc, 
a 64-bit implementation of SPARC that 
Sun hopes will help the company regain 
some of the technical and performance 
luster it has lost in recent years to DEC 
and Mips. Like SuperSparc and the origi- 
nal MicroSparc, UltraSparc is being de- 
veloped in conjunction with Texas Instru- 
ments. 

As with the 21066, the MicroSparc II 
uses a high level of integration on the 
processor. In addition to the CPU core, it 
includes a DRAM controller, a graphics 
system interface, and an SBus controller. 
The primary distinction between the Mi- 
croSparc II and the 21066 is in the choice 
of 1/О bus. DEC chose PCI, because it 
wants to make inroads into industry-stan- 
dard desktops; PCI is establishing itself as 
a high-end standard, and it can be bridged 
to ISA. Sun chose SBus, which is found in 
SPARC systems from several manufac- 
turers. 

Sun is more interested in expanding its 
Solaris-based business than in joining the 
Windows NT bandwagon. The company 
is supporting Intergraph's efforts to port 
NT to SPARC, but it has announced no 
intention of offering NT on its own ma- 
chines. 

The MicroSparc II is built with Fujit- 
su's 0.5-micron, three-level-metal CMOS 
technology. It is a fully static design that 
operates at 3.3 V internally, and, like the 
21066, it can interface to 5-V peripherals. 
It is designed to operate between 50 and 
125 MHz. It is a large chip, packing 2.3- 
million transistors onto a die that measures 
233 mm’. 


The MicroSparc II is a single-issue 
CPU, with instructions executing in either 
the integer or floating-point pipelines. To 
help keep floating-point instructions from 
blocking the integer pipeline, the FPU con- 
tains a three-entry instruction queue. The 
FPU is IEEE 754—-compliant and can exe- 
cute floating-point multiply instructions 
in parallel with other floating-point in- 
structions. The integer pipeline consists 
of five stages and is preceded by a four- 
entry prefetch buffer. 

Besides the integrated memory and bus 
controllers, the biggest difference between 
the MicroSparc I and II is the size of their 
respective caches. The MicroSparc I has a 
4-KB instruction cache and a 2-KB data 
cache, where the MicroSparc II has a 16- 
KB instruction cache and an 8-KB data 
cache. Unlike most other new RISC chips, 
the caches are virtually addressed, mean- 
ing that lookup occurs using the virtual 
address, not the physical address generat- 
ed by the MMU (memory management 
unit). In other words, the MMU is down- 
stream from the caches. 

This method eliminates any latency the 
MMU introduces before cache lookup, but 
it does require special logic to handle co- 
herency problems when two or more vir- 
tual addresses map to the same physical 
address. In fact, this arrangement is.a 
holdover from when the SPARC architec- 
ture was implemented on several chips. 
Then, the penalty for going off-chip to ac- 
cess the MMU was too high to implement 
physical caches (where cache lookup oc- 
curs after address translation). 

In addition to using a 3.3-V power sup- 
ply, the MicroSparc II is fully static. It 
also uses power management to conserve 
power. It can cut power to the caches by 75 
percent when they are not being accessed, 
and in standby mode, it can stop the clock 
to all logic blocks. At 85 MHz, it is ex- 
pected to consume about 5 W. 

Sun expects the MicroSparc II to pow- 
er both low-cost, high-volume desktop sys- 
tems and SPARC portable systems. With 
the highest degree of integration yet seen 
in a SPARC processor, the MicroSparc II 
should significantly reduce costs to sys- 
tem vendors, while making it easier for 
them to design a system. The chip will sell 
for less than $500 each in quantity. 


Portable PowerPC 

At the Microprocessor Forum last fall, 
IBM and Motorola announced that they 
had produced first silicon of the Power- 
PC 603, the second member of the Pow- 


erPC family. The goal of the PowerPC 603 
is to provide high performance while con- 
suming little power, making it ideal for 
notebook computer designs. 

The 603 uses 3.3-V, 0.5-micron, four- 
level-metal static CMOS technology to 
pack I.6-million transistors onto a die 
that’s 85.1 mm’. By contrast, the Power- 
PC 601 uses 3.6-V, 0.6-micron static 
CMOS technology to place 2.8-million 
transistors onto a die that's 132 mm’. Like 
the 601, the 603 implements a 32-bit ver- 
sion of the 64-bit PowerPC architecture, 
with a 32-bit address bus and a 32- or 64- 
bit data bus. The 603 uses the same su- 
perscalar design with a three-instruction 
dispatch. 

However, the 603 differs from the 601 
in a number of areas. First, the 603 uses a 
Harvard architecture: It has two separate 
8-KB caches, one for instructions and one 
for data. Each cache has its own MMU. 
Both caches are two-way set-associative 
and use a least recently used algorithm. 
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Next, the 603 has five independent ex- 
ecution units. As with the 601, the 603 has 
a BPU (branch-prediction unit), IU (inte- 
ger unit), and FPU. However, the 603 fea- 
tures a new load/store unit and an SRU 
(system-register unit) that is used to im- 
plement dynamic power management. The 
load/store unit handles data transfers be- 
tween the data cache and the GPRs (gen- 
eral-purpose registers) and FPRs (float- 
ing-point registers). The SRU executes 
special-purpose-register and condition- 
register instructions. 

The 603 will be available as 66- and 80- 
MHz parts. Maximum power consump- 
tion should be only 3 W at 80 MHz. A 
variety of power-saving techniques incor- 
porated in the design should actually en- 
able typical power consumption to hover 
around | to 1.5 W. This compares well 
with popular notebook CPUs such as the 
Intel 486DX/33, which can dissipate up 
to 3.2 W. The power-saving techniques 
used include a PLL (phase-locked loop) 
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The MicroSpare H brings SPARC integration to new levels. With four times the cache memory of 
the original MicroSparc, it promises to at least double its performance. 
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RISC COMPARISON 
With prices below $500, these RISC chips can compete head-on with the top end of the 80x86 line. 


NUMBER OF 

TRANSISTORS 
DECchip 21066 1.75 million 
‘PowerPC 603 
MicroSparc Il 
Mips/NEC R4200 


'Based on simulations 


2.3 million 
N/A = not available. 


clock multiplier circuit. The PLL allows 
the processor to run at frequencies higher 
than the system clock, using a multiplier of 
1x, 2x, 3x, and 4x. The PLL also enables 
the 603 to operate properly when slower 
system clock speeds (e.g., 33 and 50 MHz) 
are used to reduce the processor's power 
consumption. 

Because the 603 uses static logic, the 
contents of the registers and caches are 
preserved when the processor kicks into 
low-power modes. The 603 provides three 
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209 
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$424 
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$500 233 


software-controllable power-saving modes: 
doze, nap, and sleep. The doze mode 
switches off most of the processor, except 
for the external bus-snooping logic. The 
bus interface processes external snoops 
and maintains coherency of the internal 
caches. The time-base register continues to 
operate. The PLL is also powered so that it 
remains locked to the system clock and 
can bring the processor into the full-pow- 
ered mode in only a few clock cycles. 
The nap mode disables the bus snoop- 


_8-KB, two-way set- 
"^ associative — 


Split. 
instruction 
buses are a 

` departure 

from the 
601's unified 
architecture 


ET 


per clock - 


8-KB, two- 
мау set- — 
associative 


The PowerPC 603 introduces a Harvard architecture and dynamic power management to the 
PowerPC line. Expected to dissipate 2 to 3 W at 80 MHz, it is ideal for notebooks апа energy- 


efficient desktop systems. 
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70' (166 MHz) 


SPECFP92 
105' (166 MHz) 


OPERATING VOLTAGE 
3.3 (5-V peripherals) 


49.5 (85 MHz) 3.3 (5-V peripherals) 
 8go'(40/800MHz 399 = 


ing, so cache coherency is not maintained. 
The PLL and time-base register are still 
active. Return to a full-power active state 
takes several clock cycles. In the sleep 
mode, the time-based register is switched 
off, leaving no internal units operating. 
External logic can disable the PLL for fur- 
ther power savings. This mode consumes 
minimum power, but it takes a number of 
clock cycles for the PLL to resynchronize 
before the processor can be placed into 
full power mode. 

The 603 also uses dynamic power man- 
agement techniques to reduce power con- 
sumption. Dynamic power management 
works by switching off the clock to cer- 
tain processor subsystems when they are 
idle. The dispatch logic monitors the in- 
struction stream, and if a certain subsys- 
tem—say the FPU—is idle and no float- 
ing-point instructions are forthcoming, the 
dispatch logic has the FPU clock disabled. 
Conversely, if the dispatch logic detects 
an incoming floating-point instruction, it 
can enable the FPU clock before issuing 
the instruction to it. This also explains the 
two additional execution units: Both the 
LSU and SRU can be disabled as neces- 
sary to save power. 

Either cache can be switched off if it is 
inactive. For example, the 603 might be 
constantly fetching instructions but no data, 
so the data cache would be powered down. 
The dual-cache design also requires small- 
er on-chip buffers and eliminates the arbi- 
tration logic required for the 601's unified 
cache. 

Also, the cache protocol has been re- 
duced from four states (i.e., modified, ex- 
clusive, shared, and invalid) to three states 
(i.e., modified, exclusive, and invalid). 
The cache protocol is compatible with the 
four-state protocol. It was anticipated that 
the 603 would be used for stand-alone de- 
signs, so the sharing state was removed. 
These changes to the overall cache design 
use fewer transistors, which also translates 
into power savings. 

Preliminary SPECmarks (obtained from 
simulations) indicate that a 66-MHz 603 
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The R4200 integrates a complete RISC pipeline and 24-KB cache оп a die 82 mm’. Its low power 
consumption and high performance make it ideal for notebook systems. 


should post 60 SPECint92 and 70 SPEC- 
fp92. That compares favorably to a 66- 
MHz 601’s performance of 60.6 SPEC- 
int92 and 72.2 SPECfp92, as obtained on 
the RS/6000 Model 250. The 603's com- 
parable RISC performance, combined with 
its modest power consumption, makes it 
ideally suited to become the heart of fu- 
ture notebook computers. 

The 603 will be manufactured at IBM's 
microelectronics facility in Burlington, 
Vermont, and Motorola's MOS- 11 facili- 
ty in Austin, Texas. Pricing was not avail- 
able at this writing. 


SGI Gets Small 
Like DEC, Silicon Graphics is trying to 
ride into the desktop market on the back of 
Windows NT and is aiming to reduce sys- 
tem costs so that systems using the 64-bit 
Mips III architecture can offer a signifi- 
cant price/performance advantage over in- 
dustry-standard 80x86 systems. Unlike 
DEC, however, the latest Mips design does 
not aim to integrate a lot of system logic on 
the microprocessor; instead, it goes for 
straightforward price reduction while 
maintaining RISC performance levels. 
The R4200 is the result; a small (just 
81 mm?), powerful (estimated 55 SPEC- 


int92), and inexpensive processor that can 
offer a significant price/performance ad- 
vantage over any 80x86 chip. NEC, which 
has a one-year exclusive license to pro- 
duce the chip, estimates that the R4200 
will sell for 8000 yen—well under $100 at 
current exchange rates. 

Unlike most RISC processors, the 
R4200 is neither superscalar nor super- 
pipelined. It uses a fairly standard five- 
stage pipeline as opposed to the eight-stage 
superpipeline used in the other members of 
the R4x00 family. In addition, it combines 
its integer and floating-point pipeline into 
a single unit, creating a pipeline that can 
perform both types of operations. 

Combining the two units into one de- 
grades performance—floating-point per- 
formance is estimated at 30 SPECfp92— 
but saves a huge number of transistors. 
Another savings comes from reducing the 
number of TLB (translation look-aside 
buffer) entries in the MMU from 48 to 
32. This might not seem like much com- 
pared to combining the fixed- and float- 
ing-point pathways, but considering that 
the TLB is fully associative, it is signifi- 
cant. Like other R4x00 processors, the 
R4200 retains a separate two-entry in- 
struction TLB so that most simultaneous 
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Engineers and scientists who use 
Macsyma consistently describe it as 
more powerful and more reliable 
than any other mathematics 
software. Reviewers agree that 
Macsyma's on-line help system is 
the best in the field. IEEE Spectrum 
calls Macsyma "a national treasure" 
and says: "Users with heavy And, the most recent PC Macsyma 
mathematics needs should insist on runs fully three times as fast as 
Macsyma." earlier ones on PC Magazine's 1992 
benchmark tests. 


* PC version in US and Canada. Academic & quantity discounts available. Macsyma is a registered trademark of Macsyma Inc. 


te]: 617-646-4550 
fax: 617-646-3161 


Maesyma Inc. 
20 Academy Street 
Arlington MA 02174-6436 / U.S.A. 


1-800-macsyma 
1-800-622-7962 
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material about their products. We take great care to screen 
these companies, choosing only those who are reputable, and whose 
products, services or information we feel would be of interest to you. 


Direct mail is an efficient medium for presenting the latest personal 
computer goods and services to our subscribers. 


Many BYTE subscribers appreciate this controlled use of our mailing 
list, and look forward to finding information of interest to them in the 
mail. Used are our subscribers' names and addresses only (no other 
information we may have is ever given). 


While we believe the distribution of this information is of benefit to 
our subscribers, we firmly respect the wishes of any subscriber who 
does not want to receive such promotional literature. Should you 
wish to restrict the use of your name, simply send your request to the 


following address. 
EVIE Magazine 


Attn: Subscriber Service Wi, 
P.O. Box 555, Hightstown, NJ 08520 "HU 
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data and instruction accesses don't result 
in one access being blocked while the oth- 
er makes use of the MMU. 

Another factor in reducing the size— 
and thus the cost—of the R4200 is the 
manufacturing process used to make it. 
NEC uses a 0.6-micron, three-layer-metal 
CMOS technology to produce the R4200. 
The chip operates at 3.3 V, and, unlike the 
21066, requires 3.3-V peripherals. In ad- 
dition, it incorporates a number of power 
management techniques. It can power 
down unused functional blocks and pre- 
vent switching in unused execution units, 
The chip isn't a static design, however, so 
you must save the state of the processor 
before powering down completely. NEC 
expects the chip to draw about 1.5 W, mak- 
ing it ideal for notebook and portable ap- 
plications. 

The R4200 stacks up quite well against 
both the Pentium and the high-end 486s. It 
provides 80 percent of the Pentium's inte- 
ger performance at about 10 percent of the 
price. It betters the integer performance 
of the 486D X2, at 20 percent to 25 per- 
cent of the price. As an economical plat- 
form for NT, the R4200 will be hard to 
beat. 


Coming of Age 
The chips previously described make one 
thing perfectly clear: RISC is no longer a 
fringe technology. All the major RISC 
vendors offer a range of solutions with dif- 
ferent features, performance levels, and 
prices. True, some architectures have only 
a couple of representatives, but in these 
cases—Alpha and PowerPC especially— 
the vendors are committed to providing 
an ever-growing choice of CPUs. 
Vendors are also offering embedded so- 
lutions based on desktop CPUs. IBM has 
announced a family of embedded proces- 
sors based on the PowerPC—the PowerPC 
400 series—and Motorola is expected to 
do the same shortly. DEC sells an embed- 
ded version of the 21066 called the 21068. 
Embedded processor sales help amelio- 
rate the design costs of desktop CPUs, let- 
ting companies like DEC and IBM com- 
pete more effectively with Intel. These 
developments are necessary if RISC is to 
garner a significant share of the desktop 
computing market. li 


Bob Ryan is a BYTE technical editor. You can 
contact him on the Internet or BIX at b.ryan@ 
bix.com. Tom Thompson is a BYTE senior techni- 
cal editor. You can contact him on the Internet or 
BIX at tom, thompson bix.com. 


| Mathematica 


POWERFUL CALCULATION. 
EFFECTIVE COMMUNICATION. 


Add introductions, explanations, 
and conclusions to your compii- 
tations just as you would with а 
word processor. 


Cut, paste, or edit your calculations 
or formulas at any time and your 
answers, plots, and graphics will be 
re-calculated or re-graphed right in 
the notebook. 


Solve problems with custom solu- 
tions that you create using Mathe- 
matica's high-level programming 
language. 


You've done the work, now it's time 
to let everyone know. Colleagues, 
your manager, the department head, 
your own students—they all need to 
understand what you've put together. 


Mathematica already brings 
today's most powerful tech- 

nical computing system to 

your desktop. But beyond 

that, the Mathematica note- 

book enables you to com- 

municate quickly and clear- 

ly, either electronically or 

on paper. As you work 

in Mathematica you auto- 

matically create your own notebook— 
an electronic Mathematica document. 


The Mathematica Notebook 
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You can exchange your notebooks with 
co-workers even if they use another type 
of computer, because Matitematica note- 
books are compatible across multiple 
platforms. 


Use notebook cells to organize your 
document into sections. You сап col- 
lapse and re-open cells to control what 
sections you want to see on tlie screen 
as you work. 
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Live computations, plots, animated 
graphics, and text that you assemble 
in this notebook are then easily orga- 
nized in an outline format for an im- 
pressive technical report, a personal 
record of your work, class courseware, 
or even book publish- 
ing. When your work 
is done, simply print it 
out, send it over the net- 
work, or present your note- 
book directly from your 

computer. 


Print your report directly from your 

electronic notebook, controlling font 
styles, font sizes, and line spacing as 
you wish. 


Create full-color 3D graphics and 
animation from functions and lists 
of data. You can easily import 
graphics into your notebook or export 
Mathematica graphics in PostScript 
and other standard graphics formats. 


Use Mathematica to get work done 

faster and Mathematica notebooks to 

make a professional impression with 

your results. Nothing could communi- 

cate your ideas more convincingly. 
For the latest information, call; 


1-800-441-MATH 
(L.S. Canada] 


Wolfram Research 


Wollram Research, Inc. 

+1-217-338-0700, fax: «1-217-398-0747; email: infofwn.com 

For European inquies: 

Wolfram Research Europe Ltd. 

+44-(01993-683400; Fax: +4440093-883800; email: mfo-euro@wri.com 


«1933 Wotan Rath, Inc. Матаса п а registered tracgenark of Wolfram Research, inc. Адети a not enced welt Mathematca ne, Mathemooce Рокс Resaerch. Inc. or Mam Tech, he АЗ other product ramas mentioned org Todmarta of thee producers 
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t This offer really stacks up. < 


IBM TCP/IP is a robust implementation of 
this standard protocol stack. And it’s the per- 
fect building block for creating client/server 
environments linking a wide number of both 
IBM and non-IBM platforms. Now if you 
order before Feb. 17, 1994, you'll get the IBM 
TCP/IP 2.0 Base Kit for OS/2® or the IBM 
TCP/IP 2.1 Base Kit for DOS/Windows™ for 
just $150 (regular price is $230) and addi- 
tional copies for $130. 

The DOS/Windows Base Kit incorporates 
all standard applications (Telnet, Mail, FTP, 
LPR, SNMP) with easy-to-use GUIs. Other 
kits include NFS,® NETBIOS and program 
development support including the Windows 
Sockets API. The OS/2 Base Kit also offers all 


the standard applications as well as new 


features like Network News, CID support for 
remote installation, and Workplace Shell™ 
Integration. Additional kits are available for 
X Window System,™ DOS/Windows Sockets 
applications support, NFS, NETBIOS and 
program development support. 

Power, flexibility and value. The reasons 


for buying IBM TCP/IP keep stacking up. 


. So call 1 800 IBM-CALL, ext. S83, and 


order today! It’s a smart way to spell inter- 
operability. 


Making networks work 


р, 


IBM and О5/2 are registered trademarks and Workplace Shell is a trademark of Intemational Business Machines Corporation. NFS Is a registered trademark of Sun 
Microsystems, Inc. Windows is a trademark ot Microsoft Corporation. X Window System is a trademark of Massachusetts Institute of Technology. ©1993 IBM Corp. 


Circle 292 on Inquiry Card. 


State of the Art 


INTEL/VLSI JOIN THE PDA FRAY 


Anew PDA chip set from Intel and VLSI brings the 80x86 architecture to PDAs 


PAUL STATT 


о matter which way you slice it, 
CPUs designed for desktop com- 
puters don’t work in small, hand-held de- 
vices. They are too big and power hun- 
gry, require too many support chips, and in 
some cases, are not powerful enough for 
tasks such as handwriting and, eventually, 
speech recognition. PDAs (personal digi- 
tal assistants) need highly integrated de- 
"sci a * ^W] 24 signs that make the most of the chip real 
COLE ELS, > КОШО | estate. 
nr LEE eee The first generation of such chips ex- 
ists in devices such as the Apple Newton 
MessagePad (the ARM610) and the Eo 
Personal Communicator (the Hobbit 
92010). Intel, which makes most of the 
CPUs found in the world’s desktops, 
stayed on the sidelines as the first wave 
of PDAs hit the market. However, with 
partner VLSI, long a maker of AT-class 
chip sets, Intel hopes to make up lost 
ground with its Polar chip set. 


Computer on a Chip 
Microprocessors are the heart of every 
personal computer, but only the heart. A 
PC—be it a notebook, desktop machine, 
or network server—requires numerous 
"EE? E y other chips to handle VO, access SRAM 
FERNER SE (HM IMEEM ux c (static RAM) DRAM, and VRAM (video 
| оин o B RAM), and provide the glue logic that 
connects these subsystems to the CPU. In 
addition to the CPU, a typical desktop 486 
system includes an AT-class chip set that 
controls memory access and interfaces 
with an ISA expansion bus; a secondary 
cache controller to buffer access to main 
memory; and a video controller, perhaps 
on a separate local bus. 

The Polar chip set from VLSI and Intel 
provides these or comparable functions 
on two chips. To build a working machine, 
you need little more than a power supply 
and some DRAM. The Polar chip set is 
the basis of what Intel and VLSI call a 
mobile companion computer. Mobile com- 
panion is the Intel/ VLSI name for a PDA. 
It reflects the company’s efforts to enable 
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Polar Powers PDAs 
` The intel 32-bit static CPU. 
. core operates at 33-MHZ _. 
and 3.3 V. it's based on the 

. Intel 286SL. 


ИДТИ Intel/VLSI Join the PDA Fray 


The nonvolatile memory controller can 
mix flash RAM, ROM, and SRAM as 
needed. It offers fast access to the local 
bus and can store operating system or 


application code. 
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Ее Eua 32-bit CPU memory controller | 
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The hardware graphics bus 
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pattern fill, and expand. 


DRAM LCD 
The power management ^ controller interface 
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to them. ' i 


The IPC interfaces directly 


The DRAM controller supports io an LODO panel. The panel — 


video FIFO (first-in/first-out). - 
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RAM access by the CPU, graphics can have a resolution of 640 
accelerator, and video display, - by 480 pixels with 16 gray - 
and it offers burst support for shades, С 


The Polar chip set is a highly integrated solution that offers just about all the functionality you need in a PDA system. 


portable devices that are extensions of your 
desktop environment. You can expect ma- 
chines based on the Polar architecture to be 
called mobile companion computers. 


The IPC 

At the core of the Polar chip set is the In- 
tegrated Processor Controller, or IPC. Des- 
ignated VLSI part number VI86C300, it 
is a 32-bit processor architecture with sup- 
port logic packaged in a 176-pin TQFP 
(thin quad flat package). Among the sup- 
port functions it integrates are memory 
management, video control, and power 
management. The processor core of the 
new chip is a fully static [ntel 32-bit CPU 
based on the Intel 386. 

One of the key differences between the 
IPC and the 386 is that the former includes 
a cache controller with an integrated 2- 
KB cache and a tag RAM. This cache is 
unified, holding both instructions and data, 
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and write-through. While the cache is too 
small to put the performance of the IPC 
on a par with 386 desktop systems that use 
external caches, it does provide a perfor- 
mance boost of cacheless 386 systems and 
helps reduce contention for main memory 
between the processor and the graphics 
subsystem. The IPC reduces this con- 
tention further by using a four-entry write 
buffer between the cache and DRAM. 

One thing to note about the IPC is that 
DOS-based 386 programs cannot run on 
the new chip. Intel states, however, that 
the IPC's design should make it relatively 
easy for programmers familiar with the 
80x86 architecture to write software for 
mobile companion computers. 

In addition to the CPU core, the IPC 
handles both volatile and nonvolatile mem- 
ory, the latter without discrimination. There 
are three types of nonvolatile memory: (1) 
flash memory, which can be likened to a 


RAM disk that stays on when the machine 
is turned off, (2) ROM, and (3) SRAM. 
АП three types can be used interchange- 
ably; an application never needs to know 
where it gets its bits from. 

The large array, nonvolatile-memory 
interface is tuned for high-performance 
XIP (execute-in-place) code, as well as 
for data storage. This means that you can 
turn off a PDA using the Polar chip set at 
any time and return to the same screen 
when you switch it back on. Separate pro- 
grammability of each of four banks allows 
mixing of flash, ROM, and SRAM device 
types. Additional signals are provided for 
programming control and power manage- 
ment of advanced flash-memory devices 
that do not require power to maintain data 
in memory. 

The page-mode DRAM controller sup- 
ports different chip configurations—256 
KB by 16 bits, 512 KB by 8 bits, 1 MB 


The Polar chip set uses a 
separate ELC to support two 


fully buffered and supports hot 
and cold insertions. 


The interconnect = 
bus is multiplexed, 
offering high 

speed coupled 

with а low pin 

count 


by 4 bits, 4 MB by 4 bits, | MB by 16 bits, 
and 2 MB by 8 bits—and both symmetric 
and asymmetrically addressed DRAMs. 
Because the DRAM on a mobile compan- 
ion computer also doubles as storage for 
the video display, the IPC contains arbi- 
tration logic to handle contention between 
regular data access and video access. The 
IPC supports a 64-MB total memory space, 
which can be divided between DRAM, 
nonvolatile memory, and PCMCIA pe- 
ripherals. DRAM is limited to 16 MB of 
RAM, while nonvolatile memory and 
PCMCIA peripherals can take up the full 
64 MB of memory space. 


Video and Power Issues 

To handle video output, the IPC integrates 
a 640- by 480-pixel LCD controller and 
an HGA (hardware graphics accelerator). 
The controller and accelerator work with 
the flat frame-buffer graphics subsystem to 
provide high-end performance for LCD- 
based systems. The LCD graphics are 4-bit 


- PCMCIA 2.0 cards. The ELC is 


The dual 82C59 interrupt controllers and 
its 148618-compatible real-time clock are 
both tightly integrated with the IPC’s 

. power management unit. : 


‘The MPC offesa | 
| — serial interlace, an 
HP-compatible _ 
.. 115-baud infrared 
. Interface, а 10-bit 
. .FIFO audio in - 
.. and out, anda 
|, keyboard interface. 


gray scale—not black and white—for 16 
levels of gray and a corresponding crisp 
appearance. The LCD controller also con- 
nects to the video digitizer found on the 
multiple peripheral controller, or MPC (the 
second chip of the Polar set), allowing it to 
display an inking plane above the output 
display planes. The inking plane displays 
strokes entered using a pen-input device. 

While many PDAs use simple LCD 
video, the IPC goes one step further with 
its graphics acceleration hardware. By 
speeding the drawing of common graphics 
primitives into the frame buffer, the ac- 
celeration hardware gives mobile com- 
panions a crísp, quick video interface. The 
built-in BitBlt lets the IPC move rectan- 
gular arrays of bits quickly in the frame 
buffer. This facilitates opening, closing, 
and moving menus and windows in a GUI 
environment. 

The IPC is designed with low-power 
operation in mind. It is fabricated with a 
0.8-micron, three-layer-metal CMOS 


process and supports 3.3- and 5-V opera- 
tion. The IPC uses a fully static core that 
can preserve the state of the CPU even 
when the system clock is shut down. The 
IPC can generate 20-, 25-, or 33-MHz sys- 
tem clocks. 

The IPC also contains a power man- 
agement controller that is enabled by a 
system management interrupt and acces- 
sible via software. In addition to the sim- 
ple types of on/off power management 
provided by hardware-based solutions used 
in PCs, the IPC power management system 
can be controlled by the operating system, ' 
which can usually make better judgments 
about which subsystems should remain 
active and which can be powered down. 
The power management system can shut 
down individual subsystems on the chip. 
Power dissipation is estimated at just over 
half a watt when operating at 3.3 V. 


The MPC 

As previously mentioned, in addition to 
the IPC, the Polar chip set contains the 
MPC (VLSI part number VI86C 100), 
which is designed for standard 1/О but in- 
corporates several optimizations to better 
enable telecommunications. The MPC is 
the peripheral controller complement of 
the IPC. Packaged as a 100-pin TQFP, the 
MPC includes a serial-communications 
port for networking or printing, an infrared 
I/O port for a keyboard or remote access, 
and audio I/O for voice messaging, in- 
cluding voice storage and message for- 
warding. The MPC also uses analog I/O 
for system monitoring and control. A key- 
board interface is optional, and a high-per- 
formance digitizer interface is standard. 

The UART (universal asynchronous re- 
ceiver/transmitter) part of the MPC is com- 
patible with the VL16C550 standard and 
with its infrared I/O option, offers pro- 
grammable I/O address and programmable 
interrupt levels. The UART may be con- 
figured to operate through a normal serial 
connector or through a dedicated I/O pin 
that connects directly to an infrared LED. 
This HPSIR (Hewlett-Packard Serial In- 
frared) interface is compatible with those 
found on the HP 95LX, 100LX, and Omni- 
Book Super Portable Computers. 

The MPC's audio features let you store, 
forward, and play back recorded sounds. 
The chip itself has the power to work like 
a telephone, as well as like a fax machine 
or modem (with the appropriate PCMCIA 
cards). The ADC (A/D converter) allows 
for battery monitoring so that you won't 
waste your last amp recording a phone 
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THE AM386SC DOES DOS AND WINDOWS 


Le To produce a device to power a PDA . 


(personal digital assistant), Advanced 

. Micro Devices has taken what might 
seem an obvious approach—integrating 

all the features of a PC on a single chip. 
The Am386SC microprocessor combines 

. aDOS/Windows-compatible 386 micro- 

` ` processor core with A T-system architec- 
ture logic and a power management unit. 
Unlike the Polar chip set, hand-held 

_ computers that use this chip run both Win- 

- dows and DOS. Ап Am386SC-based PDA 
will be a tiny PC in size and price. The 
 Am3868C is inexpensive— $50 each іп 
lots of 10,000—and relatively small—a 
~-208-pin TOFP (thin quad flat package). 
And it's the only logic chip a compu- 

ES terrequires; add some DRAM, flash ROM, 
mie and perhaps some SRAM (static RAM), 
and you have a computer system, Ina PC 
based on the Am386SC, you don’t need 


aseparate PCMCIA 2.0 chip, а keyboard 


interface, a serial- or parallel-port inter- 

face, a graphics chip, timing, or power 

management chips. And, most important, 

., you don’t require а 32-bit 80x86 micro- 

. processor. All those features are built into 
s the AMD chip. 


Mona Chip : ncm b | 


The downside of this totally integrated 
solution is that not every PDA manufac- 


turer will wantevery part. It's easy toimag- 


ine the desire for a separate chip for, say, 
pen input or voice messaging, so AMD 
promises to build custom designs for its 
volume customers. Every design will start 
with the 80x86 CPU at its core; AMD will 
be able to integrate whatever the PDA 


. maker needs into an ‘Am386SC. 


The key feature of this chipis its great- 


est strength and weakness—it’s a PC. 


The PDA market today has no standards 


-atall; therefore, it's probably nota bad - 
idea to build a PDA around the existing 
PC standard. If the PDA market grows. - 
up to be a market for smaller, less ex- _ 
pensive versions of existing personal . 


computers, AMD's strategy will pay off. 


However, if consumers start demanding " 
new standard features from their PDAs— 
_ such as telecommunications power, pen | 


input, handwriting, or voice recogni- 
tion—PDAs based on the Am386SC will 


` need to hang a lot of hardware on their 


slots simply to keep up. Those impedi- 
ments may prove too great, if, and when, 
aPDA standard emerges. 


call. The MPC can operate at 3.3 V, 5 V, or 
in mixed mode, where the core logic op- 
erates at 3.3 V while individual function- 
al blocks can operate at 5 V to provide a 
compatible interface to 5-V peripherals. 

The IPC and MPC interconnect using 
VLSI's ML (multiplexed local) bus. This 
is a high-speed, 16-bit memory and I/O 
bus that is time-division multiplexed on 
the standard Intel microprocessor bus. This 
increases performance while reducing the 
number of connecting pins required. The 
ML bus also offers general-purpose I/O 
ports that allow a wide variety of system 
configurations. 

The first ML bus peripheral is the VLSI 
VL82C146 ExCA Local-Bus Controller, 
or ELC, which provides a completely 
buffered PCMCIA 2.0 interface for mo- 
bile companion systems. The interface sup- 
ports full “hot insertion" capability, let- 
ting you insert or remove PCMCIA cards 
while your system is powered up. The ELC 
lets mobile companion system use many 
different makes of memory, storage, I/O, 
and communications cards. The ELC sup- 
ports advance power management features 
including socket power control and 3.3- 
to 5-V suspend, which should allow the 
use of both high- and low-power expansion 
cards. 


Outlook and Speculation 
VLSI and Intel are working with Microsoft 
to ensure that the Polar chip set is easily in- 


tegrated with the Microsoft At Work op- 
erating system for hand-held devices. Mi- 
crosoft At Work is a DOS-less variant of 
Windows designed specifically for PDA- 
to 0 MHz without conserve power. Heg бы к respec. | type systems. The fact that it is a Win- 
„losing the CPU state. | " om e EE cedet Ade аа 0d dows variant will make it easier for de- 
ктү 5 ЦЧ НА а Ер А velopers familiar with the desktop version 
| of Windows to produce software for то- 
bile companion systems. One of the fea- 
tures of At Work that will directly support 
such systems is power management soft- 
ware that interfaces with the IPC's power 
management controller. 

Abandoning DOS and DOS compati- 
bility is a big step for Intel and VLSI to 
take with the Polar chip set. Both compa- 
nies believe, however, that more impor- 
tant than DOS compatibility is data com- 
patibility. No one is going to want to run a 
spreadsheet on a PDA, although you may 
want to massage data from a spreadsheet. 

The Polar chip set is the first in a series 
of offerings from VLSI/Intel. In the works 
is a follow-on chip set based on an Intel 
486 core. Such an offering may be a com- 
petitive necessity because other compa- 


Ome Am3868C | E. Parallo and 
supports two. PCMCIA - serial. ports аге. 
2.0-compatible: cards, | standard; they: He 
but each requires an require an extemal 
‘external NA buffer. data latch: and 8 


$ Qm. Am386SXLV €} The power manage- 
` соге includes a ı ` ment control unit. monitors 
` system management all system activity апа. 
mode that can slow determines which of five 
the processor down operating modes will best 


Qo Other interfaces Include 
two interrupt controllers, two 
DMA controllers, an internal 
 timar/counter, a real-time clock, 
and an 15А bus controller. 


O me intemal LCD video | 
controller is fully 6845- 
compatible and supports up to 
640- by 400-pixel resolution In a 
single or split screen. 


Ө The memory. 
controller supports a 
high-speed 16-bit data - 
path to DRAM or SRAM 
| andto local- bus devices. 


The Am386SC i IS a marvel of integration. 
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The AT&T Hobbit Enters Its Second Generation | 


T- AT&T Hobbit chip sets betray 
their corporate heritage. These are 
chips designed first and foremost for 
telecommunications applications. AT&T 
Microelectronics first offered a set of 
chips for PDAs (personal digital assis- 
tants) in 1992. The 92K Hobbit family, 
the chips that are used in the Eo Per- 
sonal Communicator, has five parts: a 
CPU, a system controller, a bus con- 
troller, a video-display controller, and 


a peripheral-bus controller. 


The price seemed high at $99 for the 
chip set, but it was complete. Late last 
year, AT&T introduced two new chip 
| Sets designed to broaden the line, with 

trade-offs in performance, system size, 


cost, battery life, and feature sets. 

The ATT92020S pro- 
cessor provides higher 
performance—it uses a 
6-KB prefetch buffer 
as opposed to the 3-KB 
buffer on the 92010— 
and requires less power 
| than the original 92010 


CPU. It also works with } Performance 


` Price (quantity 1000) 
- Architectural enhancements 


tem manager and a video controller, for 
more integrated performance with a low- 
er chip count. The most highly integrat- 
ed solution is the ATT92020MX, which 
needs only a single support chip—-a sys- 
tem controller. Both the 92020M and the 
92020MX use a multiplexed address and 
data bus to lower their pin count. 

All the members of the Hobbit fami- 
ly operate at 3.3 V. The Hobbit archi- 
tecture grew out of research by Bell Labs 
into processor architectures designed to 
run C programs as quickly as possible. 
Hobbit processors use high-speed con- 
text switching and interrupt response to 
support the unique needs of PDAs run- 
ning multiple applications and telecom- 
munications. 


АТАТ 92K HOBBIT FAMILY PROCESSORS 
"With. the: three 92020 processors, AT&T offers a a wide range. of solutions to PDA OEMS. 
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“Display type - 
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Hobbit chip sets are designed to sup- 
port the advanced communications fea- 
tures that you'll probably come to ex- 
pect of a PDA. For example, support for 
AT&T's reprogranmable multimedia 
DSPs (digital signal processors) is built 
in, as is support for AT&T's DSP-based 
3.3-V V.32lite PCMCIA data pump 
which, in turn, can support a high-speed 
fax or modem, two-way paging, or cel- 
lular connections. 

AT&T is betting that the PDA future 
will look more like a telephone with a 
computer in it, and less like a small com- | 
puter that can also fax and talk. It's a | 
compelling bet, if only because the pub- | 
lic is accustomed to small portable tele- 
phones and big stationary computers. 


ATT92020M CHIP SET - 


$11 

Wait for interrupt, 

6-KB prefetch t buffer - 
13.5 VAX MIPS 

54 VAX MIPS/walt 
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Wait for interrupt. 
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nies have already introduced second-gen- 
eration versions of their PDA processor 
offerings. 

Advanced RISC Machines, for exam- 
ple, recently introduced the ARM7DM, 
its second-generation processor for the 
Apple Newton. The ARM7DM fixes two 
shortcomings of the ARM610 used in the 
current Newton MessagePads; it operates 
at 3.3 V as opposed to 5 V, and it uses a 
fully static design. Both characteristics are 
essential in PDA-class processors. Also, 
AT&T has recently introduced new ver- 
sions of its Hobbit chips (see the text box 


“The AT&T Hobbit Enters Its Second 
Generation"). 

Another company with a recent PDA 
chip is AMD, which has preserved DOS 
compatibility with its Am386SC (see the 
text box "The Am386SC Does DOS and 
Windows" on page 104). Whether DOS 
proves to be a plus or a minus on such sys- 
tems remains to be seen. 

Speculating about the future of these 
new, highly integrated chips and devices 
is an irresistible temptation. Recall that the 
original microprocessor— the Intel 4004 — 
was not designed with personal comput- 


ers in mind; nobody had ever heard of such 
things. The microprocessor, conceived as 
an inexpensive industrial controller, has 
managed to replace large expensive, cen- 
tralized computers with something quite 
different. The small, fast, and inexpensive 
PDA chip sets may similarly evolve into 
something—or end up in a machine —un- 
like anything its creators ever imagined. W 


Paul Statt is a freelance technology writer who 
has been covering the computer industry for 10 
years. You can reach him on the Internet at 
statt aol.com or on BIX c/o “editors.” 
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Now C++ programmers can discover the 


DBMS power of dBASE, FoxPro & Clipper. 


Not only is the new 
CodeBase++ 5.0 
100% compatible 
«m with the data, index 
and memo files of dBASE*, 
FoxPro® and Clipper®, you also 
get all the important benefits of 
programming in С++, 


You get C++ speed and size. 
Most developers are familiar with the 
amazing speed and compact size of C and 
С++ programs. Now harness this speed 
for your own database programs. Compare 
the performance with those "executables" 
of dBASE, FoxPro, Clipper (which contain 
imbedded interpreters) to those of similar 
C and С++ programs. Also, be sure to 
compare the size of their EXE's to those 
created with CodeBase++ (which are 

as small as 45K!). 


You get object oriented programs. 


CodeBase++ 5.0 is a C++ class library 
for database management. Now you can 
experience the object oriented productivity 
gains of C+ , together with the power of 
a complete DBMS. 


You get mulli-user sharing with 
dBASE, FoxPro and Clipper. 
Now your multi-user С++ programs can 
share data, index and memo files at the 
same time as concurrently running 
FoxPro, Clipper and dBASE programs. 
Turbo-charge critical xBase applications 
sharing data on a network with С++ and 
CodeBase++ with no incompatibilities. 


$1993 Sequiter Software. Inc. All rights reserved. CodeBase«« is a trademark of Saquiter Software Inc. т 
All other product narnes mentioned herein are tradamarks of thelr respective companies. 


NEW-You get xBase queries and 
relations with instant results. 

We've added Bit Optimization Query 
Technology to CodeBase++ for stunning 
query performance (BOT is similar to 
FoxPro's Rushmore). Our product analyzes 
your queries using index information, so a 
record is only actually retrieved when it 
belongs in your query solution set. 


With CodeBase++ you can literally query 
a huge 500,000 record data file in less than a 
second on a 25MHz 80386! 


You get C++ portability. 

As with C, ANSI C++ is an international 
standard across all hardware platforms. 
This means you can port CodeBase++ 
applications between DOS, Windows, NT, 
OS/2, Unix, and Macintosh-today. 


The new CodeBase++ is your best C++solution 
Jor xBase file access and database management. 


Circle 110 on Inquiry Card. 


NEW - You get code generation. 
Save hours of coding time with our auto- 
matic source code generation, containing 
all of the specialized class definitions 
needed to support your data structures. 


17402 00 
81257509 
$44.737 ла 


$11,740,418 


Using our visual report writer ——— ت‎ 
is easy, simply draw your report, then include it in any 
program you write. 


PLUS-You get CodeReporter FREE! 
Our visual report writer, CodeReporter, 
uses the speed of BOT to run reports light- 
ning fast. To test this amazing perform- 
ance yourself, call: 403/437-2410 for 

your free working model. 


CodeBase+-+ 5.0 


The C++ Class Library for Database Management 


Cali Now 
403-437-2410 


Risk-Free 
FREE M es 90-Day 
CodeReporler : Money-Back 
Guarantee 
SEQUITER |] о, зра 
SOFTWARE INC. France 433.20.24.20.14 


P.O. Box 575 Newmarket NH 03857-0575 


DIGITAL VIDEO GOES REAL-TIME 


The VideoRISC Compression Architecture enables real-time MPEG 1 and 2 video encoding and decoding 


PETER WAYNER 


ne of the most challenging feats 

for any desktop computer is the 
successful display of digital-video images 
from sources such as CD-ROM, the air- 
waves, or a LAN-based video conference. 
Full-motion video leaves no room for 
pauses or glaring errors. An operating sys- 
tem may take a few seconds to start up a 
program or write out a file to disk, but 
full-motion video needs to hit the screen 
30 frames per second, every second. 

The newest entry in the mad dash for 
digital video is a scheme by C-Cube Mi- 
crosystems (Milpitas, CA) dubbed Video- 
RISC Compression Architecture. The heart 
of VideoRISC is the VideoRISC Com- 
pression Processor, or VCP. It can com- 
press and decompress video signals fast 
enough for you to enjoy full-screen, real- 
time video on your computer. Before, you 
had to rely on expensive, dedicated hard- 
ware for this level of video quality or sac- 
rifice resolution, the number of colors, or 
the frame rate. Most likely, you’d com- 
promise on all three. 

The VCP will allow vendors to scale 
both the capability and the price of video 
hardware. For example, it will allow eas- 
ier implementation of videoconferencing 
at the high end. At the low end, it will al- 
low CD-ROM drives to display high- 
quality animations in real time, a feat that 
their limited bandwidth makes impossible 
while using uncompressed video. (At 640- 
by 480-pixel resolution and 24 bits per 
pixel, you require a bandwidth of over 
27 MBps to handle real-time video. Dou- 
ble-speed CD-ROM players deliver 300 
KBps.) ! 

But effective video compression has 
many other applications as well. With 
VCP, cable companies can fit 50 times as 
many channels on their digital networks. 
Satellites can handle 50 times as many sig- 
nals. The market for other machines, such 
as boxes that decompress video signals 

5 from your cable company, could be sub- 
š stantially larger. Given the potential size of 
s these markets, it is quite possible that the 
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VCP could become more important than 
microprocessors such as the 486. 


Starting with Standards 
The most popular method for compressing 
video signals is MPEG, a derivation of the 
popular JPEG standard used to compress 
and decompress still images. MPEG | han- 
dles SIF (source input format) resolution 
signals of 360 by 240 pixels, while MPEG 
2 handles broadcast-quality 720- by 480- 
pixel signals. When linked in parallel, VCPs 
can encode such signals in real time. It takes 
two VCPs to encode real-time MPEG 1, 
eight to encode MPEG 2. 

MPEG compresses consecutive frames 
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by making the first frame a reference 
frame. It then finds the difference between 
this frame and the rest of the frames and 
compresses this difference. 

MPEG computes the difference by 
breaking the frame into 8- by 8-pixel 
blocks and searching for the best match 
for these pixels in the reference frame. It 
compresses the difference using a tech- 
nique called DCT (Discrete Cosine Trans- 
form), which is similar to the one used in 
JPEG. Once computed, the coefficients 
are then Huffman-coded to produce the fi- 
nal signal that is often one-tenth to one- 
twentieth the size of the original. 

° MPEG includes several important func- 


| tions that are difficult to imple- 
ment on a gerieral-purpose CPU. 
When each 8- by 8-pixel block is 
compared to the reference frame, 
| the best match may not be in the 
corresponding location, because 
objects often move across the 
screen. To get high-compression 
ratios, MPEG needs to take ad- 
vantage of this redundant data 
even though it has moved in rela- 
| tion to the reference frame. It uses 
a computationally intensive search ` 
procedure to find such redundan- 
cies. Unlike general-purpose 
CPUs, the VCP has a special func- 
tional unit devoted to this search. It 
also has a functional unit dedicat- 
| ed to the Huffman coding that 
M forms the last step in the MPEG 
| algorithm. 


Chip Basics 
| At the core of the VCP is a RISC 
| microprocessor that runs a small, 
| embedded operating system. Even 
though you could run many differ- 
| ent jobs on this processor (includ- 
ing most software for basic ma- 
chines), the structure is tuned to 
the MPEG algorithms. 

The internal architecture of the 
RISC core is similar in some re- 
Î spects to that of many of the DSPs 
T| (digital signal processors) on the 
| market. DSPs are popular for sound 
| processing—which is like video 

processing, an analog encoding/de- 

coding chore—so the similarity 
should not be surprising. The Fouri- 
er transform that DSPs use to gen- 
| erate reverberation or other sonic 
novelties is similar to DCT, 
| The VCP chip can function as 
both a general CPU and a DSP at 
the same time. The backbone of the chip is 
the processing pipeline, which forks where 
the processing path splits into a RISC half 
and a DSP half. All instructions are pre- 
processed in a similar way in the first part 
of the pipeline. After the split, however, 
standard arithmetic instructions flow down 
one fork, while DSP-specific instructions 
flow down the other. 

The four initial stages that process all 
instructions include Fetch 1, where the in- 
struction is retrieved from the cache; 
Fetch /Jump, where the fetch is completed 
and a jump is executed if the instruction is 
a jump; Read/Decode, where the operands 
from the registers are retrieved and the 


instruction is decoded; and Execute, where 
instruction execution begins. 

The simple arithmetic instructions (e.g., 
addition, subtraction, AND, OR, XOR, 
and arithmetic shifts) complete in the Ex- 
ecute stage and move to a Writeback stage. 
The more complicated DSP instructions 
move from the Execute stage to the DSP 
fork of the pipeline, which uses three 
stages to complete the instructions. 

The branch of the pipeline used for the 
complicated instructions is where most of 
the VCP's power lies. The canonical DSP 
instruction, the MAC (multiply/accumu- 
lator) instruction, is where two numbers 
are multiplied together and added to an 
accumulator register. MAC operations are 
frequently used in signal processing, and 
DSP designers concentrate on making 
them as fast as possible. In many cases, 
the small, tight loops of DSP programs re- 
peat МАС codes many times to find a large 
sum. The VCP is optimized for these com- 
putations. 

In addition to optimizing a MAC in- 
struction, the VideoRISC includes many 
functions not found in general-purpose 
DSP chips, which are required by the 
MPEG algorithms. For example, one com- 
mand computes the spatial frequency of 8 
bytes by finding the sum of the squares of 
the differences between pairs of the bytes. 
This is an integral part of the DCT. A nor- 
mal processor would be slowed down be- 
cause splitting the two 32-bit quantities 
that the memory systems delivers would 
probably take the same amount of time as 
the actual computation. 

Another set of instructions averages two 
different 32-bit quantities in a variety of 
ways. One instruction will find the average 
of two 32-bit numbers; another will split 
the 32-bit words into half-words and find 


MPEG Motion Estimation 


Bn E - 


` 40 pixels, five 8- by 8-pixel blocks 


The MPEG algorithm searches a 40- by 24-pixel block 
surrounding a single 8- by 8-pixel block to find the best alignment 


between the reference frame and the current one. 


24 pixels, 
three 

8- by 8-pixel 
blocks 


the average of four 16-bit numbers; and a 
third will average the 8 bytes. All these 
extra instructions prove to be very useful in 
computing the DCT. 

Although the VCP has many complex 
computational instructions, it still quali- 
fies as a RISC core because the extra in- 
structions can only access the registers. 
They can't load information directly from 
the memory for their operation. This means 
that a compiler (or the machine-language 
programmer) can still rearrange the loads 
and the computations so that there are a 
minimum of conflicts. 


The Motion Estimator 

Estimating motion, or changes, from frame 
to frame is one of the most common 
bottlenecks in the MPEG compression 
routines. The algorithm looks for sections 
of the screen that move from one position 
to another between frames. This small 
amount of motion is present whenever a 
camera pans across a scene or when a 
person or object moves across the back- 
ground. 

The motion estimator is essentially an- 
other processor that runs on its own. Its 
basic function is to take a rectangle of pix- 
els in one frame of the video and compare 
it to a reference frame to find the change in 
horizontal and vertical position that will 
make the best match. The quality of the 
match is judged by positioning the rectan- 
gle over each possible displacement in the 
reference frame and summing the differ- 
ences between the pixels that overlap. If an 
exact match is found, there will be no dif- 
ference between the source pixels and the 
ones in the reference frame, and the sum 
will be zero. 

The programmer can set the range of 
this search procedure to a flexible area of 
the reference frame. The 
chip can also calculate the 
best displacement in half- 
pixel increments, because it 
has the ability to interpolate 
between neighboring frames. 

Once the motion estima- 
tor receives the coordinates 
of the two frames and their 
location in memory, it finds 
the best displacement esti- 
mation. When done, it will 
raise an interrupt, and the 
main CPU will be able to get 
the right solution from the 
register. The half-pixel in- 
terpolation is done in a 
special part of the motion es- 


The VCP Motion Estimator Hardware 


The VCP doesn’t store the entire 40- by 24- 
pixel block internally because such a large block 
would slow processing throughput; thus, the 
hardware compares the blocks in four phases. 


timator, not with the averaging functions in 
the main CPU. 

To overcome performance bottlenecks 
involved in accessing main memory, the 
motion estimator has its own memory that 
holds a 16- by 32-pixel subset of the ref- 
erence frame and a 32- by 8-pixel subset 
of the frame being compared. The MPEG 
algorithm itself compares 8- by 8-pixel 
blocks of data to all possible displace- 
ments in a 40- by 24-pixel block of the 
reference frame. To implement this func- 
tion, the VCP performs a number of com- 
parisons concurrently. It loads four blocks 
of the frame being processed into the 32- 
by 8-pixel memory and eight blocks of 
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The motion estimator hardware jets the same 16- by 24-pixel range be 
used for phases 1, 2, 3, and 4 of four different 8- by 8-pixel blocks 
concurrently. This limits the number of times that a piece of an image 


must be loaded into the motion estimator. 


the reference frame into the 16- by 32- 
pixel memory. The four blocks are then 
compared against the reference frame 
memory, and the best result is stored in a 
register. 

The search then proceeds as the VCP 
loads in a new 16- by 32-pixel block of 
the reference frame and compares the four 
blocks to this block from the reference 
frame. If any of the blocks find a better 
match in this region, the better displace- 
ment vectors replace the ones currently in 
the registers. Half of this block (8 by 32 
pixels) is a duplicate of the last block from 
the reference frame, because the best align- 
ment might lie across the boundary. This 
process is repeated twice more. At this 
time, the registers hold the best motion 
displacement estimate for all four blocks. 
The motion estimator now generates an 
interrupt for the main processor. 

Although the process of doing four 
searches simultaneously might seem a bit 
strange, the design optimizes the memory- 
access strategy. Loading the reference 
block into on-chip memory makes access 
fast. This is important, because many parts 
of the reference block will be compared 
to all 64 pixels in each 8- by 8-pixel block. 
Loading four 8- by 8-pixel blocks at once 
makes sense, because many of these pixels 
will also be compared against all 64 pixels 
in each of the four blocks. 

How important is the motion estimator? 
Steve Purcell, C-Cube Fellow and the chief 
architect of the chip, says that it would take 
about 2000 MIPS of processing power to 
duplicate the work done by the motion es- 
timator, roughly the cumulative might of 18 
Intel Pentium processors. This is because 
the chip is able to chain together the work 
of 32 logical units that are doing part of 
each comparison in parallel. The compu- 
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tational work is so 
regular that it is easy 
to do in parallel. 

After motion esti- 
mation is complete, 
the VCP uses special 
functional units for 
processing the last 
layer of encoding. In 
this layer, the 64 coef- 
ficients computed for 
each frame of the DCT 
must be compressed 
one last time by using 
a variable-length en- 
coding scheme. This 
method gives com- 
mon values short vec- 
tors and rare values the longer ones. The net 
effect is that the entire transmission shrinks 
in size. 


The Final Results 
The VCP has two functional units for han- 
dling this process, one for compression and 
the other for decompression. Both act as 
smart buffers that hold all the incoming 
and outcoming data until it is needed and 
then transform it while it is waiting. The 
incoming buffer, for instance, waits until it 
has the coefficients for an entire frame be- 
fore passing them on to the main CPU, 
which assembles the digitized image. 
The main CPU could compute this in- 
formation. Most of the standard compres- 


The VGP Architectre 0 


sion programs for PCs will use some form 
of Huffman encoding from time to time, 
but it is inefficient to do this 1 bit at a time. 
Most machines are not successful at writ- 
ing variable word lengths because they are 
optimized to load values aligned on word 
boundaries in standard, 16- or 32-bit sizes. 
As before, the standard processors are op- 
timized for standard word sizes—not vari- 
able bits—and these differences are sig- 
nificant enough to merit the additional 
functional units. 


The Memory Hierarchy 

Most processing chips focus their atten- 
tion on one stream of instructions that must 
be done in sequential order. In contrast, 
the work going on in the center of the VCP 
is more like a three-ring circus: Different 
functional units on the chip need to access 
both the main DRAM holding the images 
and the video I/O streams. The memory 
hierarchy is tuned to make it easier for the 
chip to bring information on and off the 
chip successfully. 

Like most general-purpose CPUs, the 
VCP uses caching to speed up memory 
access. It uses an instruction cache and a 
data cache to handle instruction and data 
flow to the CPU pipeline. The data flow- 
ing in and out of the variable-size com- 
pressor and decompressor bypasses this 
cache, because it is unlikely that any of 
this information will be used again. 
Putting the cache between these units and 
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Although the CPU controls the chip, it is she morion estimator, the memory subsystem, and the 
variable-length encoders that provide most of the chip’s computational power. 


The only Windows statistics 
package youll ever need. 


NEW 


SYSTAT “for WINDOWS 


#1 for DOS and Windows 

Rated “the best general-purpose 
statistics program” for the PC by 
Software Digest SYSTAT for DOS 
is now joined by SYSTAT for Win- 
dows. This addition to the SYSTAT 
family takes full advantage of 
Windows, with pull-down menus, 
dialog boxes, sizable windows, and 
the ease of use you expect in a 
Windows package. 

SYSTAT for Windows runs in 
standard and 386 enhanced modes 
and can take advantage of Win- 
dowsadvanced memory manage- 
ment. No matter how large or 
complex your analysis is, you can 
use SYSTAT. 

SYSTAT delivers a balance of 
power and simplicity. It lets you 
analyze and manipulate data 
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with a comprehensive range of 
advanced statistical procedures, 
and present your results with 
stunning graphics. 


Just point and click 

SYSTAT is a full-fledged Windows 
application. Just point and click. 
SYSTAT's QuickStat™ buttons give 
you simple, single-click shortcuts 
to common statistical analyses. 


More statistics, from the basic 

to the most sophisticated 
A full range of univariate and 
multivariate statistics-from ¢ tests 
to multidimensional scaling. With 
a few clicks you can turn most sta- 
tistics into graphs and perform: 

a multiway crosstabs with log 

linear modeling 

a nonparametric statistics 

= principal components and 
factor analysis 
cluster analysis 

time series 

nonlinear estimation 
correlation matrices 

means, effect, and dummy 
models 
= post hoc tests 


SYSTAT offers the most 
advanced multivariate general lin- 
ear model available for Windows. 


The most graphics 

No other statistical or graphics 
package can produce all the scien- 
tific and technical graphs that 
SYSTAT can-nor surpass its ease of 
use. Graphics capabilities include: 
a histograms 

s single, multiple, stacked, and 
range bar graphs 

single and grouped box plots 
stem-and-leaf diagrams 

pie charts 

scatterplot matrices 

3-D data and function plots 
contour plots 

control charts 

maps with geographic projections 
Chernoff faces 

complete color spectrum 

log and power scales 
confidence intervals and ellipses 
linear, quadratic, step, spline, 
polynomial, LOWESS, expo- 
nential, and log smoothing 


ГҮҮ “SYSTAT (for Windows) — with 

| its superb graphics, high-quality 
statistical algorithms, and 
reasonable price — is an excellent 
Choice." PC Magazine 


For more information, special 
offers for current users, and demo 
disks, call: 


708-864-5670 


For Windows circle 114, 
For IBM/DOS circle 115. 


Australie: name Marketing 61.3. — icida Oise 31.34. 0266335; Denmark Agrolab 45 64.406575, France; бакавой 33,76. 768508, 


SYSTAT Germany2STATCON 49:55,4272075, Italy: PiSoft 39,587.213640, Japan; HuLinks 81.33.5902311, Naw Zealand: Hoare Resparch 54.7.8562575, 
| Poland: COMPANION 48.12.360751, Spain: AddLink 34,3.4157268, Switzerland; Fritschy & Partner 41313125151, SYSTAT UK: 44.81.4520093 
[M] » © 1992 SYSTATS, inc. Software Digest Ratings Report/$5 May, 1991, Software Digest is a registered trademark of NSTL Inc. 


main memory would just fill the cache 
with nonreusable data and add complexi- 
ty to the cache circuitry. 

Splitting off this data stream also allows 
the cache to be much more efficient. The 
VCP cache achieves hit rates of nearly 100 
percent, because the programmer can an- 
ticipate the needs of the program perfect- 
ly. In many cases, the programmer can re- 
quest data almost 100 cycles before it is 
needed to give the memory system ample 
time to fulfill the request. 

The memory-access circuitry is also 
flexible enough to access images stored 
in different formats. For instance, it is com- 
mon to store a bit map in row-major or- 
der, where each 32-bit word contains 4 
bytes that are next to each other on the 
same row. The VCP, however, often con- 
verts bit maps into a format that stores 4 
bytes from a 2- by 2-byte grid into one 
32-bit word. Some of the special CPU in- 
structions for computing statistics such as 
spatial frequency use this format. The 
memory circuitry is designed to read and 
write blocks of data in either format, so it 
is possible to import data in row-major or- 


“Don't take chances...Get the 
ultimate protection: Back-UPS 
from APC.” 


J11 Digital Video Goes Real-Time 


der, operate on it in 2- by 2-byte block for- 
mat, and then rewrite it out in row-major 
order without doing complicated rewrit- 
ing. The CPU doesn’t need to worry about 
this, because the memory hardware auto- 
matically rearranges the bytes. 


Toward Tomorrow 

In recent years, the relentless speed im- 
provements of general-purpose RISC chips 
have made many special-purpose hard- 
ware implementations obsolete. The high 
cost of developing hardware with only a 
limited market could rarely compete with 
the ease of using RISC chips developed 
for larger markets. Video compression and 
decompression, though, require so many 
complicated instructions that it is often 
impossible to do the job in real time with- 
out a $100,000 machine. 

The VCP represents an excellent fu- 
sion of specialized hardware and the abil- 
ity to perform general mathematical func- 
tions. The designers deliberately left extra 
programmability in each of the function- 
al units to match different MPEG imple- 
mentations. Because MPEG is not com- 


Introducing the $139 investment no 
computer user can afford to be without... 


Blackouts, brownouts, sags... if you use gg 
computers, your bottom line is directly ink | 
to your power line, The fact is, your data and ~ 

- hardware are vulnerable to problems that surge 
| suppressors and power directors just aren't { 


equipped to handle. 


pletely specifted—it is a combination of 
a set of guidelines and a final format—it 
is entirely possible that the MPEG com- 
pressors from different companies will 
generate output with different qualities. 
Everyone is free to implement the en- 
coding algorithms differently. For in- 
stance, the VCP lets you limit the motion 
estimator to 8- by 8-pixel blocks, because 
many MPEG implementations work at 
this level. 

This flexibility is important. For example, 
it lets some companies use a less compli- 
cated compression algorithm that is easier 


· for a general-purpose processor to decom- 


press. The algorithm would still need the 
power of the VCP and its multiple func- 
tional units for compression, but it wouldn’t 
need the VCP for decompression. This lets 
companies offer video systems at different 
capabilities and price points. That, in turn, 
hastens the day when video will become a 
common data format on your system. li 


Peter Wayner is a BYTE consulting editor. You 
can reach him on the Internet at pow @access.di- 
gex.com or on BIX as "pwayner." 
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Now there's an (Ша Power me (UPS) to suit 
any budget. Back-UPS® are perfect protection- for LAN servers, 
personal computers, phone/fax systems, POS equipment, оғ апу 
other device that can go down when the power does. If lightning 
is a concern, Back-UPS ate even backed by a $25,000 insurance 
policy against surge damage to your equipment (see details). 

So don't wait for the inevitable power problem to rob your 
business. Protect your productivity with. Back-UPS, available 
where quality computer | ESL 
products are sold. j | 


APC Back-UPS provide in- 
battery 


stantaneaus battery power dur- AMERICAN POWER CONVERSION 
ing power disturbances, so your 
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Small Kernels Hit it Big ..... ese 11s 


Microkernels are the core of new operating 
systems, but the implementations vary. 


OBJECTS 


Objects on the March ...... . rue 13 


Object-oriented operating systems will benefit 
programmers and users alike, as well as pave the 
road to distributed computing. 


A look inside the next generation of computing 
environments, including IBM's Workplace OS, Microsoft's 
NT, and software from Novell/USL, Sun, Next, and Taligent 
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Personality Plus ............... Page 155 
How the Workplace OS and NT implement 
emulation, plus a look at Wabi, SoftWindows, 
and Equal. 
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apless hubs. Rogue routers. Stressed out 
i servers. Nervous nodes. Paralyzed printers. 
Disappearing data. Power-crazed PC users. Budget 
slashing bean counters. It’s enough to make a 
network manager's job unmanageable. But now 
there's a better way to regain control. To master the 
madness. Апа your own destiny. 


AIX System View 


NetView/6000 V2 


NetView*/6000 Version 2 from IBM Networking 
Systems offers a greater range of management func- 
tionality, has an end user interface that keeps things 
simple, and incorporates OSF™/DME standards. 
It’s a UNIX*-based management platform that runs 
on RISC System/6000* workstations with IBM's 
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open AIX/6000™ operating system. And it installs Trouble Ticket/6000 for extensive problem man- 

with just 6 clicks of a mouse. Now that’s control. agement. For small businesses or remote branches п 
It’s also just the beginning. NetView/6000 offers with 32 nodes or less, NetView/6000 Entry is an ша 

open topology and dynamic discovery for the auto- effective, low-cost solution. And NetView Service 

matic mapping of both IP and non-IP devices. It can Point offers two-way communications with NetView ` 

natively manage SNMP, CMIP and other protocols. on the host. That’s control with power and flexibility. á 

And it provides an easy way to set thresholds, establish For enhanced support and customization, IBM 

filters and automate responses to events. It even has established the NetView/6000 Association. 

collects performance data so you can analyze overall This impressive list of leading hardware and 

network productivity and implement preventive software developers continually adds to the growing 

maintenance. That's control with power. number of robust solutions that are rapidly helping Jaj 

And speaking of power, IBM supports NetView/6000 emerge as the management platform 
NetView/6000 with powerful applications like System of the future. That’s control with power, flexibility 
Monitor/6000 for distributed management and and support. 


These days, it’s manage or be managed. Control or 
be controlled. NetView/6000 provides an unsurpassed 
combination of superior functionality and open archi- 
tecture. It’s a solution so sophisticated and flexible 
that it can manage not only your heterogeneous 
network, but itself as well. And that means you can | 
take control of your own destiny. 1 
Obviously, we can hardly control our enthusiasm. 
To order or for more information about NetView/ 
6000, call 1 800 IBM-CALL, ext. 117. 
NetView/6000. It may well be the perfect way to 


resolve all of your control issues. 


IBM, AIX, NetView and RISC System/6000 are registered trademarks and 
SystemView and А!Х/6000 are trademarks of International Business Machines 
Corporation. UNIX is a registered trademark of UNIX System Laboratories. Inc. 
OSF is a trademark of The Open Software Foundation, Inc. ©1993 IBM Corp. 
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l 66-MHz Now Snipping With Free Local BUS Graphicsi 
Met True 64-bit Pentium 
TN Technology 
А | starting as low as 
ALR EVOLUTION V 66-MHz ғо 
60-MHz 279.04 | 
Compaq: DESKPRO'M™ 66-MHz 204.6 | 
Unisys’ PW2™ 60-MHz | 193 86 | 


InfoWorld SYSmark 92 Performance Benchmarks ШШ 
Higher score represents Бета partormadece E 

While most of today's Pentium processor a 
systems are meret y uperaded versions '% 
of existing 32-bit 486-based PGs, 
the ALR EVOLUTION V and the mA 
EVOLUTION VO were engineered front aia 
the ground up tû t ake full adi antage of this e 
advanced, 64-bit C PU. With support for | 
the Pentium processor's wider data path 
and high performance write-back mode, 
these poseerful systems easily outperfonm 
their less saphisticated competitors. 


Systems shown from left to right: 
ALR EVOLUTION VO and 
EVOLUTION V 


Evolution V is Pentium > 
you cant afford to miss” @ «ats 


alk to someone who EU 
пип 7 service, and value. 


actually owns an ALR TE © 
EVOLUTION V, and | 
you'll no doubt hear them aste nes already received, ШЕ ЫШЫ So call ALR today, and stop 
echo the words of Info World. ; 1. it’s pretty clear that up a whole 
From designers to MIS | | the PC industry press ЖШ оти 


с deliver an unbeatable 
| “A quality 


missing out. 


| j: of B00-444-4/ALFI 
directors, the EVOLUTION V couldn't agree тоге E iw ger reached on ro 
. . ^ жън pti m am a" — OALR 
family of Pentium Technology S Backed by the DI nem - а 


based systems has proved to ' industry’s first leading - | 
be an instant favorite among users. *- Vll warranty, the A. [| R. 
And if you take a look at all the EVOLUTION V family and 


: А . Advanced Logic Research, Inc. 
awards and reviews these systems ..45., entire ALR product line 9401 Jeronimo Irvine, CA 92718 


(714) 581-6770 FAX: (714) 581-9240 


Some түйөт ihown with optionot monton. Prices. specifications and re pacti юй vitu no Verfy compehtive pacing with manufacturer, Prices bowed on U.S. dolas. ALA n o registered trademark of Advanced Logic Research, 
inc. intel inside ancl Pentium Росано ogos are поето of intel 1 Corporation. Al other brand and product nares аго focemars or megirtered fracermara of thew ratpective owned, 01993 by Advanced Logic Research, hek 
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The Great OS Debate 


Since the dawn of microcomputing, users and developers have jousted with one another to defend the 
honor of their chosen operating systems. The battle still rages; the dust hasn’t even begun to settle. New 
contenders will exploit mainstream RISC workstations built around MIPS, Alpha, and PowerPC 
processors even as they ride the Intel performance escalator. But the grounds of the operating-system 
debate are subtly shifting. Microsoft, ІВМ, USL (Unix Systems Laboratories), Sun Microsystems, and 
others are rapidly converging on a set of common design themes—microkernels, objects, and per- 
sonalities. The battle is no longer about whether to layer object-oriented services and emulation sub- 
systems (1.е., personalities) on a small kernel. Everyone's doing that. The question isn't whether to build 
an operating system in this style but how to do the job right. — Jon Udell, Senior Technical Editor 


MICROKERNELS 


In Windows NT, layered subsystems com- 
municate by passing messages through a mi- 
crokemel. But NT doesn’t follow the pure mi- 
crokernel doctrine, which holds that all 
nonessential services should run in the processor’s nonprivi- 
leged (user) mode. IBM, USL, and others say that NT's execu- 
tive, a layer above the NT microkernel that runs security, УО, and 
other services in privileged (kernel) mode, compromises NT's 
claim to be a microkernel-based system. Microsoft, however, 
notes that NT's privileged-mode executive subsystems commu- 
nicate with each other and with the kernel by passing messages, 
just as its user-mode emulation subsystems do. 

IBM's Mach-based Workplace OS, meanwhile, will adhere to 
the pure microkernel doctrine, relegating the pager, the scheduler, 
the security system, the file systems, and even major parts of its 
device drivers to user mode. With this approach, says IBM, its mi- 
crokemel will be especially valuable as a base that OEMs can cus- 
tomize for specific purposes. USL, however, says that its Chorus 
microkernel, which can run services in kernel mode or user 
mode, gives the best of both worlds. It can locate services in 
kernel mode for performance or in user mode for flexibility. 

In "Small Kernels Hit It Big," Peter D. Varhol explores these 
and other issues across a range of microkernel-based systems. 
And in "The Chorus Microkernel," Dick Pountain takes a close 
look at the advanced technology chosen by USL as the founda- 
tion for future Unixes. 


OBJECTS 


As applications supporting Microsoft's OLE 
2.0 begin to roll out, mainstream users are 
getting a glimpse of an object-oriented, doc- 
| ument-centered style of computing in which 
applications function as components. Apple, IBM, and partners 


are countering with OpenDoc, a portable compound-document 
standard that will bring OLE-like benefits to a broader range of 
platforms than are supported by OLE. Apple says that Open- 
Doc’s object technology, which relies on IBM’s groundbreaking 
System Object Model, or SOM, offers developers and users the 
full power of object-oriented programming—including inheri- 
tance—while remaining language-neutral. Microsoft says that 
OLE 2.0's Compound Object Model, which is closely aligned 
with C++ yet does not support inheritance, will nevertheless 
yield better results by requiring developers to articulate inter- 
faces precisely and consistently. 

On the horizon looms Taligent, an objects-from-the-ground- 
up system that IBM and Apple say will redefine computing. 
Meanwhile NextStep, available now on Intel and Motorola 
platforms, delivers the distributed-object technology that the 
others are all still talking about. In "Objects on the March," 
Peter Wayner explores some of the key issues in object and 
distributed-object computing. 
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PERSONALITIES 


But will it run 1-2-3? For the new breed of 
operating systems, the answer is almost cer- 
tainly yes, even on non-Intel hardware, 
thanks to a hybrid emulation strategy that 
offsets the inherent inefficiency of pure processor emulation by 
implementing GUI libraries in native RISC code. Applications 
lean heavily on GUI libraries nowadays; Windows and Mac li- 
braries are appearing as “personalities” on a variety of new op- 
erating systems. 

In “Personality Plus,” Frank Hayes investigates how Microsoft’s 
Windows NT and IBM's Workplace OS implement personalities. 
Frank also explores popular third-party solutions like Sun's 
Wabi (Windows Application Binary Interface), Insignia Solu- 
tions’ SoftWindows, as well as Quorum Software Systems’ 
Equal. 
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Small Kernels Hit It 


PETER D. VARHOL 


microkernel is a tiny op- 
erating-system core that 
provides the foundation 
for modular, portable ex- 
tensions. Every next-generation operat- 
ing system will have one. However, 
there's plenty of disagreement about how 
to organize operating-system services 
relative to the microkernel. Questions 
include how to design device drivers to 
get the best performance while abstract- 
ing their functions from the hardware, 
whether to run nonkernel operations in 
kernel or user space, and whether to keep 
existing subsystem code (e.g., a legacy 
version of Unix) or to throw everything away and start 
from scratch. IBM, Microsoft, and Novell's Unix Systems 
Laboratories answer these questions differently; each com- 
pany has strong opinions about how and why its approach 
will work best. 

It was the Next computer's use of Mach that introduced 
many of us to the notion of a microkernel. In theory, its 
small privileged core, surrounded by user-mode services, 
would deliver unprecedented modularity and flexibility. 
In practice, that benefit was somewhat obscured by the 
monolithic BSD 4.3 operating-system server that Next 
wrapped around Mach. However, Mach did enable Next to 
supply message-passing and object-oriented services that 
manifest themselves to the end user as an elegant user in- 
terface with graphical support for network setup, system ad- 
ministration, and software development. 

Then came Microsoft's Windows NT, which touted not 
only modularity but also portability as a key benefit of the mi- 
crokemel approach. NT was built to run on Intel-, Mips-, and 
Alpha-based systems (and others to follow) configured with 
one or more processors. Because NT would have to run 
programs originally written for DOS, Windows, OS/2, and 
Posix-compliant systems, Microsoft exploited the modu- 
larity inherent in the microkernel approach by structuring NT 
so that it did not architecturally resemble any existing op- 
erating system. Instead, NT would support each layered op- 
erating system as a separate module or subsystem. 

More recently microkernel architectures have been an- 
nounced by Novell/USL, the Open Software Foundation, 
IBM, Apple, and others. One prime NT competitor in the 
microkernel arena is Carnegie Mellon University’s Mach 
3.0, which both IBM and OSF have undertaken to com- 


l 
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mercialize. (Next still uses 
Mach 2.5 as the basis of 
NextStep, but it is looking 
closely at Mach 3.0.) An- 
other is Chorus 3.0 from 
Chorus Systems, which 
USL has chosen as the foun- 
dation of its Unix offering 
(see “The Chorus Micro- 
Кете!” on page 131). Sun’s 
SpringOS, an object-orient- 
ed successor to Solaris, will 
use a microkernel, and the 
Taligent Operating Envi- 
ronment will rely on the 
same microkemel that IBM 
is developing for its Work- 
place OS. Clearly, there's a 
trend away from monolithic 
systems and toward the small-kernel approach. That’s no 
surprise to QNX Software Systems and Unisys, two com- 
panies that have for years offered successful microkernel- 
based operating systems. QNX Software’s QNX serves 
the real-time market, and Unisys’ CTOS is strong in branch 
banking. Both systems exploit the modularity enabled by 
a microkernel foundation with excellent results. 

Fueling the current microkernel frenzy is the recent 
fragmentation of the operating-system market. With no 
one vendor a clear winner in the operating-system sweep- 
stakes, each needs to be able to support the others’ ap- 
plications. AT&T tried this tack a few years ago with Unix 
System V release 4.0, by including support for the Berkeley 


Suddenly 
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Microkernels 


and Xenix extensions. But while SVR4 
has done well enough, it hasn't been the 
grand unification of Unix for which AT&T 
(now Novell’s USL) had hoped. On the 
other hand, Microsoft’s NT seems to have 
succeeded—at least in this respect—by 
being the first to unify multiple subsys- 
tems capable of running Win32, Winl6, 
DOS, OS/2, and Posix applications. IBM 
is responding with a portable successor to 
OS/2, the Workplace OS. Its truly modu- 
lar operating-system architecture, with 
plug-and-play components and multiple 
operating-system personalities, may ad- 
vance expectations still further. 


Defining the Microkernel 

А microkernel implements essential core 
operating-system functions. It's a founda- 
tion for less-essential system services and 
applications. Exactly which system ser- 
vices are nonessential and capable of being 
relegated to the periphery is a matter of 
debate among competing microkernel im- 
plementers. In general, services that were 
traditionally integral parts of an operating 
system—file systems, windowing systems, 
and security services—are becoming pe- 
ripheral modules that interact with the ker- 
nel and each other. 

When I first learned about operating 
systems, the layered approach used by 
Unix and its variants was the state of the art 
in operating-system design. Groups of op- 
erating-system functions—the file system, 
IPC (interprocess communications), and 
I/O and device management—were di- 
vided into layers. Each layer could com- 
municate only with the one directly above 
or below it. Applications and the operating 
system itself communicated requests and 
responses up and down the ladder. 

While this structured approach often 
worked well in practice, today it's increas- 
ingly thought of as monolithic because the 
entire operating system is bound together 
in the hierarchy of layers. You can't easi- 
ly rip out one layer and swap in another 
because the interfaces between layers are 
many and diffuse. Adding features, or 
changing existing features, requires an in- 
timate knowledge of the operating system, 
a lot of time, some luck, and the willing- 
ness to accept bugs as a result. As it be- 
came clear that operating systems had to 
last a long time and be able to incorporate 
new features, the monolithic approach be- 
gan to show cracks. The initial problems 
vendors encountered when SVR4 shipped 
in 1990 illustrate this point. 

The microkernel approach replaces the 
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vertical stratification of operating-system 
functions with a horizontal one. Compo- 
nents above the microkernel communicate 
directly with one another, although using 
messages that pass through the microker- 
nel itself. The microkernel plays traffic 
cop. It validates messages, passes them 
between components, and grants access to 
hardware. 

This arrangement makes microkernels 
well suited to distributed computing. When 
a microkernel receives a message from a 
process, it may handle it directly or pass 
the message to another process. Because 
the microkernel needn’t know whether the 
message comes from a local or remote 
process, the message-passing scheme of- 
fers an elegant foundation for RPCs (re- 
mote procedure calls). This flexibility 
comes at a price, however. Message pass- 
ing isn’t nearly as fast as ordinary func- 
tion calls, and its optimization is critical 
to the success of a microkernel-based op- 
erating system. For example, NT can, in 
some cases, replace message ports with 
higher-bandwidth shared-memory com- 
munications channels. While costly in 
terms of nonswappable kernel memory, 
this alternative can help make the mes- 
sage-passing model practical. 


Portability, Extensibility, and Reliability 
With all the processor-specific code iso- 
lated into the microkemel, changes needed 
to run on a new processor are fewer and 
group logically together. Since the proces- 
sor market seems more likely to fragment 
with competing designs than to converge 
on a single architecture, running an oper- 
ating system on more than one processor 
may be the only way to leverage buyers’ in- 
vestment in hardware. Intel is still on top of 
the microprocessor hill, but IBM/Motoro- 
la/Apple, DEC, Mips, and Sparc Interna- 
tional, among others, are making deter- 
mined runs at its dominant position. 

Extensibility is also a major goal of mod- 
em operating systems. While hardware can 
become obsolete in a few years, the use- 
ful life of most operating systems may be 
measured in decades. Whether the operat- 
ing system is small like DOS or large like 
Unix, it will inevitably need to acquire fea- 
tures not in its design. For example, DOS 
now supports a disk-based file system, large 
hard disks, memory management, and— 
most radically—Windows. Few, if any, of 
these extensions were envisioned when 
DOS 1.0 shipped. 

Operating-system designers have learned 
their lesson and now build operating sys- 


tems that make adding extensions man- 
ageable. There’s no alternative. With in- 
creasingly complex monolithic systems, it 
becomes difficult, if not impossible, to en- 
sure reliability. The microkernel’s limited 
set of well-defined interfaces enables or- 
derly growth and evolution. 

There’s also a need to subtract features. 
More users would flock to Unix or NT if 
these operating systems didn’t require 16 
MB of memory and 70 MB or more of 
hard disk space. Microkernel does not nec- 
essarily mean small system. Layered ser- 
vices, such as file and windowing sys- 
tems, will add bulk. Of course, not 
everyone needs C2 security or wants to 
do distributed computing. If important but 
market-specific features could be made 
optional, the base product would appeal 
to a wider variety of users. Martin McEI- 
roy, brand manager for Workplace OS at 
IBM's Personal Systems Products divi- 
sion, says that IBM's Mach implementa- 
tion will eventually run the gamut from 
“palmtops to teraFLOPS." The services 
riding on the microkernel can be cus- 
tomized to meet the needs of the platform 
and the market. 

The microkernel approach can also help 
improve the overall quality of the com- 
puting environment. Systems like Unix, 
OSF/1, and NT require hundreds of thou- 
sands of lines of code and take years to 
mature. Programmers who write applica- 
tions for these systems don't have time to 
worry about undocumented APIs; they' ve 
got their hands full just learning about the 
hundreds of APIs that are documented. 
The learning curve for new operating-sys- 
tem calls is becoming so steep that no de- 
veloper can reasonably expect to know 
and use them all. 

The result is that no one can guarantee 
the correctness of code making use of sev- 
eral system-service APIs, and no one can 
guarantee even the correctness of the op- 
erating system itself. A small microkernel 
that offers a compact set of APIs (the OSF 
microkernel will have about 200, and the 
tiny QNX microkernel has just 14) im- 
proves the chances of producing quality 
code. This compact API is visible to the 
systems programmer only; the applica- 
tions programmer must still wrestle with 
hundreds of calls. But it certainly enhances 
the value of microkernels such as IBM's, 
which the company plans to license to 
OEMs for customized development. 


What's In and What's Out? 
As we have seen, the proper division of 
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change the course of the 
computer software industry. 
Quite a task for a lonely 
software developer. 


4 Cigarettes, 
he'd write pages 
of code. 

It took time. Years in fact. 
But he did it. He wrote the 
most powerful computer 
program in the world. Now 
came the hard part. Selling it. 


The Most Powerful 
Program in the World 
Determined to make those 
long years pay off, he called 
on every distributor, VAR and 
dealer in the world. He drove 


from Beantown to San Diego. 


Flew from Dublin to Borneo. 
Everyone loved the program. 
So he sold a few. Only 

a few. 
Back in Boston he 
waited. After a long year 
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- the world he | long, though. 
discovered everyone “Name it after you, 
knew about his program. Don!”, urged his peers. 
Everyone had it too. So he did. Soon 
The Global Marketplace everyone was calling 
From Paris to Prague, his the key a dongle, 
i after Don Gall — 
program was everywhere in ҮН em n 
Europe. When he got off the d е | y ho did 
plane in Hong Kong he found A " j^ n UP 
his program stacked to the what he had to do. 
ceiling in every computer You ve Come 
store. Amazed in disbelief, he A Long Way, Baby 


bought a hundred cartons Today, dongles are different. 
of cigarettes and a hundred Fact is, they've come a long 
pounds of Indonesian | way. Leading the 
coffee and flew P". industry with 
back to Boston. — 9 7 security solutions, 
Beaten, battered | . Rainbow Technologies 
and bruised he went — has changed the face of 
back to the drawing # hardware keys. They work 
board. This time he . with multiple applications, 
would really | are programmable and 
change the face of network versions control 
the software industry. ™ concurrent usage. And 


they're always transparent 
to the end-user. 


He would develop a device 
that would prevent 
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for revenue protection. 
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ІВМ uses the Mach microkernel as the foundation for personality neutral services and multiple 


operating-system personalities, 


labor between the microkernel and its 
surrounding modules is a matter of debate. 
The general idea is to include only those 
features that absolutely need to run in su- 
pervisor mode and in privileged space. 
That typically means processor-dependent 
code (including support for multiple 
CPUs), some process management func- 
tions, interrupt management, and message- 
passing support. 

Many microkernel designers include 
process scheduling, but IBM’s implemen- 
tation of Mach locates scheduling policy 
outside the microkernel, using the kernel 
only for process dispatch. IBM’s approach 
separates policy from implementation, but 
it requires close collaboration between the 
external scheduler and the kernel-resident 
dispatcher. 

Device drivers may be in-kernel, out- 
of-kernel, or somewhere in between. Some 
implementations (e.g., OSF's) locate de- 
vice drivers in the microkernel. IBM and 
Chorus locate the device drivers outside 
of the microkernel but require that some 
driver code run in kernel space so that in- 
terrupts can be disabled and set. In NT, 
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device drivers and other [/O functions run 
in kernel space but work with the kernel 
only to trap and pass interrupts. 

IBM's Paul Giangarra, system architect 
for the Workplace OS, says that separating 
device drivers from the kernel enables dy- 
namic configuration. But other operating 
systems (e.g., NetWare and OSF) achieve 
this effect without abstracting the devices 
from the kernel. While NT doesn't permit 
dynamic configuration of device drivers, 
Lou Perazzoli, project leader for NT de- 
velopment, notes that its layered driver 
model was designed to support on-the-fly 
binding and unbinding of drivers. But the 
necessary support for this feature didn't 
materialize in the first release of NT. 

Dynamic configuration notwithstand- 
ing, there are other reasons to treat device 
drivers as user-mode processes. For ex- 
ample, a database might include its own 
device driver optimized for a particular 
style of disk access, but it can't do this if 
drivers reside within the kernel. This ap- 
proach also yields portability since device- 
driver functions can, in many cases, be ab- 
stracted away from the hardware. 


Operating Ei EPORT 


Mach and the Workplace 05 

IBM’s forthcoming Workplace OS uses a 
Mach 3.0 microkernel that IBM has ex- 
tended (in cooperation with the OSF Re- 
search Institute) to support parallel-pro- 
cessing and real-time operations. This 
implementation counts five sets of features 
in its core design: IPC, virtual memory 
support, processes and threads, host and 
processor sets, and I/O and interrupt sup- 
port. Giangarra refers to the Workplace OS 
microkernel as its hardware abstraction 
layer (not to be confused with NT's HAL, 
which is just the lowest slice of the NT mi- 
crokernel). The file system, the scheduler, 
and network and security services appear in 
a layer above the microkernel. These are 
examples of what IBM calls personality 
neutral services, or PNSes, because they're 
available to any of the individual operating- 
system personalities layered above them. 

А key distinction between the IBM PNS 
layer and NT's own service managers is 
that IBM's PNS layer runs in user space, 
while the bulk of NT's services run in ker- 
nel space. IBM's approach aims to let 
OEMs add or replace system services 
freely; NT's system services are intended 
to remain in place. 

Perhaps the best way to describe the re- 
lationship of the kernel to the nonkernel 
processes is that the kernel understands 
how the hardware works and makes the 
hardware operation transparent to the 
processes that set and enforce operating- 
system policy. In IBM's case, process and 
thread management is a kernel function. 
However, only the process dispatcher ac- 
tually resides in the kernel. The scheduler, 
which sets policy by checking priorities 
and ordering thread dispatching, is an out- 
of-kernel function. 

This is an important distinction. Dis- 
patching a thread to run requires hardware 
access, so it is logically a kernel function. 
But which thread is dispatched, Giangarra 
says, is irrelevant to the kernel. So the out- 
of-kernel scheduler makes decisions about 
thread priority and queuing discipline. 

The other microkernel implementations 
don't relegate the scheduler to the periph- 
ery. Why would you want them to? In 
IBM's case, the company plans to license 
its microkernel to other vendors, who 
might need to swap the default scheduler 
for one that supports real-time scheduling 
or some specialized scheduling policy. 
NT, which embodies the notion of real- 
time priorities in its kernel-resident sched- 
uler, does not currently expose these to 
the programmer. You cannot modify or 
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Microkernels 


replace the NT scheduler. 

Memory management, like scheduling, 
is divided between the microkernel and a 
PNS. The kernel itself controls the pag- 
ing hardware. The pager, operating out- 
side the kernel, determines the page re- 
placement strategy (i.e., it decides which 
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Mach 3.0 


OSF/1 1.3 rons the OSF/1 server as a monolithic 


component on top of the Mach microkernel. 


pages to purge from memory to accom- 
modate a page fetched from disk in re- 
sponse to a page fault). Like the sched- 
uler, the pager is a replaceable component. 
IBM is providing a default pager to boot 
Workplace OS, but the primary paging 


mechanism will be integrated with the file 


system. The Workplace OS file system 
(like NT's) unifies memory-mapped file 
I/O, caching, and virtual memory policies. 

PNSes can include not only low-level 
file system and device-driver services but 
also higher-level networking and even 
database services. Giangarra believes that 
locating such application-oriented services 
close to the microkernel will improve their 
efficiency by reducing the number of func- 
tion calls and enabling the service to in- 
tegrate its own device drivers. 


Mach and OSF/1 

The OSF, whose ОЅЕ/І 1.3 will also in- 
corporate Mach microkernel technology, 
includes virtually the same microkernel 
features as does IBM. The code for this 
version of OSF/1 was frozen in Decem- 
ber 1993 and is due to be distributed to 
OSF licensees in the second quarter of 
1994. IBM is a member of the OSF, and 
the two organizations have been exchang- 
ing microkernel technologies. However, 
OSF's approach differs from IBM's in im- 
portant ways. OSF/] was reworked to be 
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able to call Mach for basic system ser- 
vices. Then the entire ОЅЕ/І server sys- 
tem was placed on top of Mach and run 
in user space. What IBM divides into sep- 
arate PNSes and layered personalities, OSF 
lumps into a single structure. 

Why the monolithic Unix server riding 

— on top of the microkernel? OSF/1 
is mature and proven code, and 
the OSF says it wasn’t feasible to 
start from scratch. The amount of 
code reuse between О$Е/1 1.3 
and the previous version of ОЅЕ/І 
is over 90 percent. On the other 
hand, the OSF is also rewriting 
parts of the Mach kernel in C++, 
| to be able to provide better sup- 
port for object management. 

The net result is that OSF/1 1.3 
is less modular Шап Workplace 
OS. But by reusing a substantial 
part of OSF/1, the OSF can ship a 
more or less complete microker- 
nel-based operating system to its 
members ahead of the expected 
debut of the Workplace OS in late 
1994. Note that it is precisely this 
configuration —the ОЅЕ/І serv- 
er running on Mach —that IBM currently 
demonstrates as the Unix personality of 
its Workplace OS. 

The OSF's goal is to let the Mach-plus- 
OSF/I-server combination run efficiently 
on massively parallel hardware systems. 
One of the active areas of study in the OSF 
Research Institute is to configure systems 
with dozens or hundreds of processors and 
to observe distributed operating-system 
behavior as the number of processors 
grows. The Mach microkernel will run on 
all processors, but the server— which pro- 
vides file system, process management, 
and networking services—need run only 
on some. 

According to Ira Goldstein, vice presi- 
dent of research and advanced develop- 
ment at the OSF Research Institute, future 
Mach-based versions of OSF/1 will be able 
to run the ОЅЕ/І server system either in 
user space or kernel space, depending on 
the system administrator's choice when 
configuring the system. Running the 
OSF/I server in kernel space will improve 
performance, because procedure calls will 
replace message passing, and all server 
code will remain in memory. Running the 
server in user space makes it swappable, 
potentially freeing memory for user pro- 
grams. Note that USL is planning the same 
sort of flexibility for its Chorus-based of- 
fering. Arthur Sabsevitz, chief scientist at 


REPORT 


USL, expects the same advantages that 
NetWare 4.0 developers currently enjoy. 
Services will be developed and tested in 
user space. Once debugged and deemed 
trustworthy, they can move to kernel space 
for best performance. 

The OSF is still investigating the issue 
of where to locate device-driver support. 
Currently, drivers reside within the Mach 
microkernel. Goldstein says this approach 
should not preclude dynamic configura- 
tion of drivers. Since the OSF is working 
closely with IBM on microkernel issues, it 
will look at the IBM approach to device 
drivers when it receives the technology. 


Is NT Really a Microkernel 05? 
NT's microkernel serves primarily to sup- 
port a specific set of user environments on 
top of a portable base. Its concentration of 
machine-specific code in the microkernel. 
makes NT relatively easy to port across 
diverse processors. NT is also extensible, 
but not in the same way IBM's Workplace 
OS will be. Whereas IBM wants to license 
its microkernel separately, it is unlikely 
that Microsoft will attempt to unbundle 
NT's microkernel. This is one reason why 
many observers now conclude that NT is 
not, in fact, a true microkernel in the same 
sense that Mach and Chorus are. These 
critics also note that NT does not rigor- 
ously exclude layered services from ker- 
nel space (although OSF/1 and Chorus/ 
MiX aren't religious on this point either) 
and that NT's device drivers cooperate 
minimally with the kernel, preferring to in- 
teract directly with the underlying HAL. 

Workplace OS applications talk to user- 
mode "environment subsystems" that are 
analogous to the Workplace OS’s person- 
alities. Supporting these subsystems are 
the services provided by the NT execu- 
tive, which runs in kernel space and does 
not swap to disk. Executive components 
include the object manager, the security 
monitor, the process manager, and the vir- 
tual memory manager. The executive, in 
turn, relies on lower-level services that the 
NT kernel (or microkernel, if you will) 
provides. Its services include scheduling 
threads (the basic level of execution), han- 
dling interrupts and exceptions, synchro- 
nizing multiple processors, and recover- 
ing from system crashes. The kernel runs 
in privileged mode and is never paged out 
of memory. It can only be preempted to 
handle interrupts. The kernel rides on the 
HAL, which concentrates most hardware- 
specific code into a single location. 

Lou Perazzoli says that МТ" design was 
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Microsoft's Windows NT separates the device driver from the kernel and runs its operating-system 


service managers in kernel space. 


driven by strong biases toward performance 
and networkability, as well as by the 
requirement to support a specific set of 
layered personalities. The resulting sepa- 
ration of function between kernel and 
nonkernel modules reflects these goals. For 
example, data transfers to the file system 
and across the network run faster in ker- 
nel space, so NT provides in-kernel buffer- 
ing for the small (16 to 32 KB) reads and 
writes that typify client/server and distrib- 
uted applications. Locating these I/O func- 
tions in the kernel may violate the academic 
purity of the NT microkernel, says Peraz- 
zoli, but it supports NT's design goals. 
Decisions regarding mechanism and 
policy were motivated by similarly prag- 
matic concerns. For example, Win32 sup- 
port did not require a traditional process 
hierarchy, but other environment subsys- 
tems (e.g., OS/2 and Posix) did. The NT 
executive provides a set of process man- 
agement services sufficient for the cur- 
rent set of NT personalities, and poten- 
tially for others that are similar but not 
yet supported (e.g., VMS). Radically dif- 
ferent alternatives that would require mod- 
ifying the executive are, however, beyond 
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the scope of NT users. 

Because executive components such as 
the process manager and the virtual mem- 
ory manager run in kernel space (although 
they're not technically part of the kernel), 
some critics say NT is more monolithic 
than Microsoft likes to admit. However, 
while these executive-level resource man- 
agers do reside in kernel space, they 
nonetheless function as peers and com- 
municate by passing gem 
messages just as the user- 
level subsystems do. 

The NT model is ob- 
ject-based, even though | 
not completely object- 
oriented. System re- 
sources such as process- 
es, threads, and files are 
allocated and managed 
as objects; each object | 
type exposes a set of at- 
tributes and methods. 
User-visible resources in- 
cluding windows, menus, 
and files are also built on 
object foundation. Be- Chorus/MiX V.4 


Applications, utilities (shell, cc, .. 
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objects, these resources can be named, pro- 
tected, and shared. NT distinguishes be- 
tween kernel- and executive-level objects. 
Kernel objects have threads, events, inter- 
rupts, and queues. Executive objects, 
which executive resource managers cre- 
ate and manipulate, package the more ba- 
sic kernel objects—adding, for example, 
names and security descriptors—and, in 
turn, pass them to user-mode subsystems. 


Interrupts and Device Drivers in NT 
Like other microkernels, the NT kernel 
also handles interrupts and context switch- 
ing. Ап interrupt is handled within the ker- 
nel and then dispatched to an ISR (interrupt 
service routine). The kernel uses an inter- 
rupt object to associate an interrupt level 
with an ISR; this arrangement conceptually 
separates the device drivers from the in- 
terrupt hardware. It also leads to a dis- 
tinction between NT and most other mi- 
crokernels in terms of the I/O subsystem. 
In Mach and in Chorus, device drivers re- 
side above the kernel and access the hard- 
ware entirely through its services. In NT, 
the I/O manager, which includes file sys- 
tems, device drivers, and networking sup- 
port, generally bypasses the kernel and 
works directly with the HAL underneath 
the kernel. Kernel support is still required 
for interrupt processing, but in other re- 
spects, drivers work autonomously. 
Perazzoli says there are good reasons 
to design the device-driver interface this 
way. For example, IBM found that it could 
not accomplish all device-driver functions 
out-of-kernel and had to find a way to let 
parts of drivers run in kernel space. NT 
establishes an object-based link to device 
drivers for interrupt handling and dispatch 
and then lets the drivers work directly with 
their associated devices NOD the HAL. 
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The small QNX microkernel is designed to be able to easily 
add service modules for specific uses. 


Nothing prevents applications vendors 
from writing specialized device drivers, 
Perazzoli notes, but these must be distinct 
from the application and must cooperate 
with the NT I/O subsystem. Is that a lim- 
itation? Perhaps not, in view of the im- 
pressive I/O performance NT has shown in 
benchmark tests. 


AT&T and the Chorus Nucleus 

The Chorus microkernel resembles IBM's 
and OSF's implementations of Mach in 
many respects. Like Mach, it takes a min- 
imalist approach. Chorus includes support 
for distributed processors, multiple dis- 
tributed operating-system servers (much 
like the Mach-OSF/1 combination), mem- 
ory management, and interrupt handling. It 
can also communicate transparently with 
other instances of the Chorus microker- 
nel, making it a good foundation for high- 
ly distributed systems. 

There are several implementations of 
the Chorus nucleus microkernel. Cho- 
rus/MiX, the version of the Chorus oper- 
ating system with Unix interfaces, includes 
separate versions for SVR3.2 and SVR4 
compatibility. USL will offer the Cho- 
rus/MiX V.4 as a microkernel implemen- 
tation of SVR4. USL and Chorus Systenis 
plan to work together to develop Cho- 
rus/MiX V.4 as the future direction of 
Unix. The figure “The Chorus/MiX Struc- 
ture" on page 126 shows how Chorus/MiX 
V.4 is configured on top of the nucleus 
microkernel. Chorus also supports an 
SCO-compatible implementation of Cho- 
rus/MiX for use specifically on PCs. 

The Chorus nucleus does not include 
device drivers in the kernel. As with IBM's 
approach, device drivers work through the 
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kernel to access hardware. Ac- 
cording to Michel Gien, gen- 
eral manager and director of 
R&D for Chorus, this enables a 
higher-level component called 
the device manager to keep 
track of drivers dispersed 
throughout distributed systems. 


On the Drawing Board 

Sun, Apple, and Taligent arc 
also moving toward a micro- 
kernel-based operating-system 
architecture for their respec- 
tive platforms. None of these 
companies was willing to dis- 
cuss its plans in any great de- 
tail, but all acknowledge that 
microkernel technology is a 
crucial ingredient of operat- 
ing-system design. 

Sun's SpringOS, which is still in the 
design and implementation phase, is in- 
corporating a microkernel and making use 
of object extensions. While details are 
sketchy, it appears that SpringOS will use 
a large amount of existing Solaris code, 
much in the same way that OSF/1 uses the 
existing OSF/l server. Sun has not yet an- 
nounced support for any of the independent 
microkernels, and it may be developing 
its own. Still less is known of Apple's and 
Taligent's efforts. Although Apple will 
have the rights to use the Taligent Oper- 
ating Environment, the company is also 
rumored to be developing a microkernel 
for the Mac System 7. 


Microkernels Here and Now 

QNX and CTOS are two mature micro- 
kernel operating systems that have been 
shipping for years. The 8-KB QNX mi- 
crokernel handles only process schedul- 
ing and dispatch, IPC, interrupt handling, 
and low-level network services. It exports 
just 14 kernel calls. The compact kernel 
can fit entirely in the internal cache of 
some processors, such as the Intel 486. 

A minimal QNX system can be built by 
adding a process manager, which creates 
and manages processes and process mem- 
ory. To make a QNX system usable out- 
side of an embedded or diskless system, 
add a file system and device manager. 
These managers run outside of kernel 
space, so the kernel remains small. QNX 
Software claims that this message-pass- 
ing system has performance at least com- 
parable to that of other traditional operat- 
ing systems. 

CTOS, introduced in 1980, was written 
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for Convergent Technologies workstations, 
a family of Intel-based machines built to 
гип in “cluster networks” linked by ordi- 
nary telephone wire. Now sold by Unisys, 
these CTOS-based machines were demon- 
strating the benefits of message-based dis- 
tributed computing long before the term 
became fashionable. The tiny 4-KB CTOS 
microkernel concerns itself only with 
process scheduling and dispatch and mes- 
sage-based IPC. All other system services 
communicate with the microkernel and 
with each other through well-defined mes- 
sage interfaces. 

Networking is integral to CTOS work- 
stations and effectively transparent to ap- 
plications, which do not need to know 
whether a request for service will be han- 
dled locally or remotely. The same mes- 
sage-based IPC transmits the request in ei- 
ther case. Building modular system services 
to service such requests is straightforward. 
One practical result has been that CTOS 
applications running unattended in remote 
branch offices are easily controlled by cen- 
tral management tools. 


The Microkernel Advantage 

If you're charting the enterprise computing 
strategy for your organization, you've got 
to be excited about the trend toward micro- 
kernel-based operating systems. Increas- 
ingly, you will be able to match kernel- 
independent networking, security, data- 
base, and other services to your available 
hardware, and customize systems for in- 
dividual user's needs. 

Of course, end users don't care much 
about how operating systems work, they 
just want to run the applications that enable 
them to do their jobs. Will microkernels 
influence end-user computing? You bet. 
By abstracting application-level interfaces 
away from underlying operating systems, 
microkernels help ensure that an invest- 
ment in applications will last for years to 
come, even as operating systems and 
processors come and go. 

The full benefits of microkernels won't 
be apparent for years. It will take that long 
to field the operating systems and for use- 
ful add-on modules to appear. Some ben- 
efits (e.g., quality and robustness) may 
never be directly apparent to users. How- 
ever, it's clear that microkernels are here to 
stay. M 


Peter D. Varhol is an assistant professor of 
Computer Science and Mathematics at Rivier 
College in New Hampshire. He can be reached 
on the Internet or BIX at pvarhol@ bix.com. 


The test was part of a compre- 
hensive analysis of remote network 
access solutions done by ZD Labs. 
They packed up nine dial-in server 
products and sent a technician out 
to do some real field testing—in the 


town of Sedona, Arizona, pop. 7940. 


He dialed in to the ZD Labs LAN 
in Foster City, California. And when 
he logged off, he had a winner: 
Remote LAN Node” (RLN™) from 
DCA*—a unique software solution 
that lets up to 16 remote users dial 
in at once and function just like 
locally connected PCs. 


RLN PROVED IT COULD 
TAKE THE HEAT. 


We'll let ZD Labs do the talking. 
"The best product was Remote LAN 
Node—a software solution that acts 
like a multiprotocol router when 


WHEN REMOTE ACCESS PRODUCTS WERE 
TESTED IN THE ARIZONA DESE 
GUESS WHO HAD THE HOTTEST SOLUTION? 


RI, 


REMOTE LAN NODE 


THE BEST SOLUTION 
UNDER THE SUN. 


Remote LAN Node extends the 
full capability of the network to 
remote users, allowing them to func- 
tion as true remote nodes. 

RLN is both protocol- and 
application-transparent. So you can 
access any network protocol, such 


installed on a PC ona LAN" as IPX/SPX (Novell®), SPP/IPC 

The report went on to say, (B °), NetBEUI (Microsoft®) and 
“Our winner, DCAs RLN, stoodout — ICP/IP—or any interconnected com- 
for its capability to handle multiple bination. And, as ZD Labs pointed 
communications protocols," com- out, you can access them simul- 
menting that "it won hands- / taneously You only dedicate one 
down on flexibility allow- m PC as a comm server 
ing our remote users to A for 16 concurrent 
connect to both IPX and J j users. And 
IP servers in the + RLN offers 
same call" 5 а three levels of 

All in all, the report | Renga m Í configurable 
concluded, if you're | Ace LAN 1 Security includ- 
looking for versatility J ent 1903 | ing the indus- 
"Noneoftheother J | try first Remote 
units we tested г! | Security Adapter. 
came close.” 5 | 
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GET IT WHILE IT’S HOT. 


Call us, and we'll send you а 
reprint of a Corporate Computing 
article detailing the ZD Labs test 
report. We'll also send an informative 
booklet, “Just Like Being There—A 
Guide To Remote Network Access? 

And finally, we'll send you a free 
copy of RLN client software, so you 
can dial in to our LAN Lab server 
and judge for yourself. 

You won't have to go to the desert. 
In fact, you won't have to leave your 
office. But you'll find yourself in a 
whole new world. 


1-800-348-3221, ext. 46DD* 
THE FREEDOM 
70 COMMUNICATE. 
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icroway’s industry-leading 

32-bit Fortran produces the 
highest quality numeric code and 
supports all x86 operating systems, 
processors and numeric devices. 
NDP Fortran was used to port 
industry standards like SRAC's 
COSMOS /M to the 486 and is 
required to use AspenTech’s ASPEN 
PLUS, IBM's OSL, and Fluid Dynamics’ 
FIDAP. The compiler uses advanced numeric optimizations 
and instruction scheduling which favor fast numerics and 
RISC devices. 


NDP Fortran, CiC++, Pascal 
and our new Fortran 90 
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{ог Һе 386, 486, —— NDP C960 
Pentium, and 860 run (ae 
under either Extended HAOD Fortan uN H bm 0 
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compilers feature GREX, Microway's proprietary device- 
independent graphics library. To run large applications on 
DOS, our VCPI-based, demand paged virtual memory is 
superior to all alternatives. We also offer DPMI support for 
the OS/2 and the Windows DOS Prompt Box. The OS/2 
compilers include support for OS/2’s 32-bit graphics engine. 


Microway’s NDP Fortran 90 is a full implementation of the 
ANSI Fortran 90, which includes the entire array syntax 
notation, dynamic memory allocation, module definitions, 
and a complete library of intrinsics. Call for your free demo 
disk and white paper. 


f you plan to use a 386, 486, 860 or Pentium and require 

portability across operating systems, numeric speed, 
precision and superior technical support, then NDP Fortran, 
С1С++ or Pascal is the only solution. 
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QuadPuter^.860 . . . 200 Megaflops 

The 200 megaflops of Microway's QuadPuter-860 are optimally 
hamessed using NDP Fortran-860, libraries from IMSL, NAG 
and KUCK, and the PSR Vectorizer. 


GIGACUBE ™ 
Microway can build 
you a customized one 


gigaflop NFS compu- 


tational server using 
five QuadPuters® 
running in one of our 
industrial grade Towers 
for under $50K. We 
also configure less 
expensive 486 work- 
stations. All feature 
industrial grade Ameri- 
can power supplies 
based on Todd cores 
and flow-through 
filtered cooling. 


To learn why more government research labs, universities and 
engineers worldwide specify “Microway” call our Technical 
Support Department. 


To enroll in our Fortran 90 Professional Training Seminar in 
Boston in January or San Jose in March, please call 508-746-7341. 


Technology You Can Count On 


Corporate Headquarters, Research Park, Box 79, Kingston, MA 02364 USA • TEL 508-746-7341 • FAX 508-746-4678 
U.K. 081-541-5466 * Germany 40-524-5096 * Greece 01-222-3511 • India 11 681 0645 • 3-751-2929 
Italy 2-749-0749 • Japan 079 822 5855 • Poland 22-414115 • Portugal/Spain 1-351-458-2443 • Russia 095 155 0303 
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orus Microkernel 


Amid all the hype about microkernel-based operating systems, don’t overlook Chorus/MiX, a commercially 
proven Unix variant from France that offers a number of enhanced features 
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ife has never been tough- 
er for operating-system 
designers. Any operating sys- 
tem that aspires to cope with 
ali the directions computing 
will take in the coming decade 
needs to fulfill a formidable 
wish list—multitasking, net- 
working, fault tolerance, sym- 
metric multiprocessing, and 
massive parallelism—while 
maintaining binary compati- 
bility with industry-standard 
software across heterogeneous 
distributed platforms. Oh, and 
would it also support object 
orientation, please? As daunt- 
ing as all this sounds, however, 
there's an existing, commer- 
cially proven operating system 
that supports all these features. 
It’s made in France, and it's 
called Chorus/MiX. 
Chorus/MiX is a microker- 
nel-based, distributed Unix op- 
erating system that grew out of 
research into packet-switched 
networks in the late 1970s at 
INRIA (Institut National de 
Récherche en Informatique et 
Automatique), a government- 
funded laboratory in suburban 
Paris. In 13 years of develop- 
ment, Chorus has passed 
through four major versions 
and has absorbed key concepts 
from all the most important 
academic research projects in 
the distributed-systems field. 
Message passing was influ- 
enced by Stanford University's 
System V, threads and distrib- 
uted virtual memory by Carne- 
gie Mellon University's Mach, 
and network addressing by Am- 
sterdam University's Amoeba. 


In 1982, version О of Cho- 
rus established the basic prin- 
ciple of a small distributed ker- 
nel (called the nucleus) that 
directly supports IPC (inter- 
process communications). By 
1986 the Chorus team had spun 
off from INRIA into a new 
company, Chorus Systémes 
(now Chorus Systems), to ex- 
ploit Chorus in the commercial 
arena. The current product, 
Chorus/MiX, is based on ver- 
sion 3 of the Chorus nucleus. 
It presents a standard, 100 per- 
cent binary-compatible Unix 
System V release 3.2 or SVR4 
interface with added real-time 
and multithreading features. 

Chorus has met with con- 
siderable success in its home 
country; communications gi- 
ant Alcatel, France's equiva- 
lent to AT&T, has just adopted 
it as the standard operating 
system for all its future PBX 
equipment. More recently, 
Chorus has started to attract at- 
tention in the U.S., announc- 
ing deals with Unisys, Tandem, 
Cray Research, The Santa Cruz 
Operation, and Unix Systems 
Laboratories. It is available for 
a wide range of hardware, from 
the Intel 80x86 family to the 
Inmos Transputer, and Mo- 
torola has recently announced 
the development of a RISC 
chip in the PowerPC family 
that will have the Chorus nu- 
cleus “on-chip” for embedded 
applications. 


Chorus Basics 
Chorus systems are built on a 
tiny nucleus (typically only 50 


to 60 KB in size) that handles 
scheduling, memory manage- 
ment, real-time events, and 
communications. Everything 
else in the operating system is 
а server that sits on top of the 
nucleus and communicates 
with it by passing messages. 
File managers, stream and 
socket managers, and even de- 
vice drivers are all treated as 
servers; a group of such servers 
is called a subsystem. In the 
case of Chorus/MiX, the com- 
plete Unix V implementation 
is such a subsystem (see the 
figure “Chorus Nucleus with 
Layered Unix Services”). 

This extreme modularity 
confers many important ad- 
vantages. For example, in the 
Unix subsystem, only those 
servers that are actually being 
used need to be loaded into 
memory. The ease of substi- 
tuting one modular server for 
another simplifies the imple- 
mentation of fault tolerance and 
redundant backup. 

The system-level commu- 
nications abilities allow easy 
distribution of the operating 
system by running a separate 
nucleus on each processor. 
Combining these abilities lets 
you build distributed fault-tol- 
erant systems that can reconfig- 
ure themselves dynamically. 

The ability to support con- 
ventional operating systems as 
subsystems means you could 
develop multiple “personali- 
ties"—say OS/2, Unix, and 
Windows—and have them in- 
terwork transparently via the 
common underlying commu- 


nications layer. IBM appears 
to be basing its future operat- 
ing-system strategy on a simi- 
lar idea, implementing it on the 
Mach 3.0 microkernel rather 
than on Chorus. 

Perhaps more important than 
these advantages is the fact that 
the modular Chorus system can 
remain comprehensible and 
maintainable even as it grows 
very complex. You can write, 
test, and debug servers on a 
running system in piecemeal 
fashion. In contrast, monolith- 
ic operating systems that grow 
by adding on extra layers tend 
to reach a crucial complexity 
barrier beyond which they be- 
come very difficult to manage. 


The Chorus Nucleus 
The IPC manager in the Chor- 
us nucleus (see the text box 
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“Inside the Nucleus” below) de- 
livers messages between actors 
on the same site, but a network 
manager external to the nucle- 
us is responsible for keeping 
track of ports throughout the 
system and for the dirty busi- 
ness of network communica- 
tions. (For definitions of these 
terms, see the text box "A Cho- 
rus Lexicon" on page 136.) 

At present, the network 
manager supports both OSI and 
Internet protocols. In addition, 
it acts as a communications 
server for those special actors 
that need to access network 
services directly; for all other 
actors, IPC is network trans- 
parent. 

As well as being compact, 
the Chorus nucleus is also high- 
ly portable to different CPU ar- 
chitectures, because only the 
supervisor and part of the mem- 
ory manager are hardware de- 
pendent. Indeed, this isolation 
of hardware dependencies is 
perhaps the strongest commer- 
cial rationale for adopting a mi- 
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crokernel approach. Similar 
reasoning lies behind the HAL 
(hardware abstraction layer) 
in Windows NT, which so far 
supports Intel, Mips, and DEC 
Alpha processors. 


Messages and Efficiency 
The choice of a message-pass- 
ing rather than a shared-mem- 
ory paradigm for IPC in Cho- 
rus is the key to its elegant ease 
of distribution, particularly in 
heterogeneous environments 
where shared memory can be 
a nightmare to implement. 
However, message passing has 
a reputation for being less ef- 
ficient than shared memory, 
and since every server in a 
Chorus subsystem such as 
Unix ultimately relies on IPC 
to communicate with other 
servers, any message-passing 
overhead will have a serious 
impact on overall system per- 
formance. 

Accordingly, Chorus's de- 
signers have made great efforts 
to optimize the IPC system. 


Chorus messages use a very 
simple format—just untyped 
strings of contiguous bytes— 
and the IPC manager imple- 
ments no flow control or secu- 
rity checks. System builders 
add these facilities at the sub- 
system level using the raw ser- 
vices provided by the nucleus, 
so that their overhead is in- 
curred only where necessary. 
The RPC (remote procedure 
call) mode of communication 
employs optimizing algorithms 
(or lightweight RPC) that ex- 
ploit any locality of client and 
server. For example, when both 
client and server threads are 
executing on the same site, the 
IPC manager instructs the 
memory manager to move the 
message data by simply remap- 
ping addresses, without any ac- 
tual copying. When copying 
between sites does occur, a 
copy-on-write scheme ensures 
that data is transferred only as 
needed. Given a host proces- 
sor that provides on-chip com- 
munications, such as the Inmos 
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T9000 Transputer, the Chorus 
IPC service can be mapped di- 
rectly onto the hardware. The 
French firm Archipel has done 
this for its Volvox range of 
massively parallel supercom- 
puters. 

The nucleus’s supervisor has 
also been subject to extensive 
optimization, both to improve 
performance and to achieve 
100 percent binary compatibil- 
ity for the Unix subsystem. 
Version 2 of Chorus employed 
a pure message-passing inter- 
face to Unix and required that 
all device drivers be part of the 
nucleus executing in privileged 
mode. All Chorus/Unix pro- 
cesses had to contain user-level 
stubs to convert system calls 
into messages; this altered the 
memory map and spoiled Unix 
binary compatibility. 

Version 3 of Chorus, there- 
fore, introduced a new class 
of entities, called supervisor 
actors, that execute in the su- 
pervisor's address space in 
privileged mode but are still 


INSIDE THE NUCLEUS 


The Chorus nucleus is divided into four functional parts: 


The multitasking real-time executive 
allocates local processors and schedules 


The Four-Part Nucleus 


е. ча ү, 
ү. a 


1 . Real-time. i 
executive _ 


manager 
D Portable 


© Portable 


Hardware 


The real-time executive and the IPC manager are fully 

portable. The supervisor, like NT's HAL (hardware 

abstraction layer], is fully machine-dependent. The 

memory manager is partly portable, partly machine- 
ependent. 
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threads using a priority-based preemp- 
tive scheme (or, optionally, by time 
slicing). The executive's program- 
ming interface provides primitives 
for thread creation and destruction, 
as well as synchronization via 
semaphores, spin locks, mutexes, or 
condition variables. Here, as else- 
where, the Chorus philosophy is to 
provide a variety of efficient but 
low-level mechanisms, leaving the 
choice of performance trade-offs to 
the (sub)system builder. 


The memory manager supports 
distributed virtual memory. The 
basic unit of stored data is a seg- 
ment that normally exists on some 
form of backing store. The virtual 
address space of an actor is divided 
into contiguous regions that map a 
portion of a segment into physical 


memory. System actors called mappers 
manage segments, maintaining the co- 
herency of distributed shared memory 
when different threads access the same 
segment concurrently. 


The supervisor dispatches interrupts, 
exceptions, and traps to dynamically de- 
fined device drivers and other real-time 
event handlers at run time. Its response 
ume is fast enough for Chorus to be ap- 
plied in real-time control systems. 


The IPC (interprocess communica- 


tions) manager delivers messages be- 
tween ports throughout the system. Two 
communications modes are supported: a 
simple, nonblocking, asynchronous 
send/receive protocol in which messages 
are not acknowledged, and an RPC (re- 
mote procedure call) with full client- 
server semantics. 
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For millions 
of dBASE 
developers, 
this is a fairy 
tale come 
true: new CA-dBFast'z 2.0, Y* first and only 
dBASE-compatible database and language 
for Windows. 

CA-dBFast meets two giant 
needs: moving existing dBASE 
applications to Windows and 
developing dazzling new applica- CoMPaTBLE 
tions in record time. It's the one solution 
that lets you take advantage of Windows 
while protecting the huge investment 
you've made in Xbase technology. 

With CA-dBFast 2.0, you get a proven, 
stable environment that's more visual and 
more intuitive than anything you've ever 
used. And there's no need for Microsoft's 
confusing, intimidating SDK, so creating 
applications with CA-dBFast is – true to its 
name - fast. 


“2368 


ЫЯ 


"reg 


MICROSOFT. 


WINDOWS. 


= 
| Ее | Communications 


` O Wedding 
О Birthday 
|o Anniver. 
| © Special 
T [O] Other 


Li: sting. 

Setup Ports 
Setup Baud - 
‘Setup Modem - 


smells Nice Distributors [Flower Search| 


| Delivery Heceiving Orders 


Credit Card Help | 
ustome 


| | 
=a - 3 
art - 
| 


` Bl Shin To Address 
Û Bill To Address. 


ll The Rose: A beautiful, 
fragrant blossom; tt is "the 
symbol of etcrnal love 

Il and happiness. 


Il connection Status 
l| comi: 9500 — 


CA- dBFast includes Windows inte. p objects for pull-down menus, push buttons, radio buttons, 
check boxes, scrolling list boxes, bit-mapped graphics and more. 


debugger that's so advanced it lets you 
watch your source code execute at run 
time — even Single Step through execution. 


CA-dBFast's report writer, CA-RET, lets you mix text, graphics and data to produce great-looking reports in minutes. 


The Visual Application Designer (VAD) 
makes creating pull-down menus, push 
buttons, radio buttons, check boxes, 
scrolling list boxes 
and other Windows 
objects as easy as 
"point and click" or 
"drag and drop: 
The VAD generates 
the required source code, saving you hours 
of complex programming. You also get a 
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CA-dBFast 2.0 also includes CA-RET — 
an outstanding Windows-based report 
writer that lets you mix text, graphics and 
data on the same report in a full WYSIWYG 
environment. 

Creating great-looking tabular reports, 
form letters and labels is as easy as using a 
word processor. 


FOR A FREE DEMO DISK, 
CALL 1-800 CALL CAI, Ext. 190. 
With CA-dBFast applications, there are no 
license fees, royalties or key diskettes to 

bother with. And recipients of runtime 
Free 


Demo Disk 


programs don't need CA- 
dBFast to run the application } 
— just Windows. CA-dBFast is | 
also compatible with CA-CLIP- | 
PER, dBASE III Plus, dBASE | 
IV, and FoxBASE. 

So whether you want to wake up old 
applications or build brilliant new ones, 
there's only one way to marry Windows 
beauty and Xbase power. 

Check out CA-dBFast today. 
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Software superior by design. 


New CA-dBFast Release 2.0. 
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The modular approach simplifies implementation of fault-tolerant 
systems that can reconfigure themselves dynamically. (Figure courtesy of 


Chorus Systémes) 


compiled and loaded as sepa- 
rate modules. Supervisor ac- 
tors, alone among Chorus ob- 
jects, are granted direct access 
to the hardware event facilities, 
and they can install threads 
(called connected handlers) 
that are called directly by nu- 
cleus code, like parameterized 
subroutines, and then return 
control to the nucleus. 

Connected handlers provide 
a conventional system-trap 
(rather than message-passing) 
interface to the nucleus, thus 
restoring Unix binary compat- 
ibility. Their judicious use 
greatly reduces interrupt re- 
sponse time and enables device 
drivers to be implemented en- 
tirely outside the nucleus. You 
don’t need to modify the nu- 
cleus to accommodate new de- 
vice types, and drivers can be 
dynamically loaded and de- 
stroyed with no loss of inter- 
rupt response. While Chorus 
adheres to its elegant theoreti- 
cal principles for the most part, 
it is pragmatic enough to relax 
them when performance re- 
quires it. 
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Ports and Port Groups 
A Chorus port represents both 
a resource (i.e., a queue of mes- 
sages waiting to be consumed 
by one or more threads) and an 
address to which messages can 
be sent. Many threads within 
an actor can use the 
same port, so you can 
improve the perfor- 
mance on a multipro- 
cessor machine, trans- 
parently to the existing 
clients, by adding more 
processors. Ports can 
also be dynamically mi- 
grated to a succession of 
different actors, which 
provides the basis for 
Chorus's run-time re- 
configuration abilities. 
Chorus can assemble 
a number of ports into 
a named port group, 
which introduces an ex- 
tra level of indirection 
into communications. 
Messages sent to a port 
group are "multicast" to 
all its members; since 


Site 


time, this provides a powerful 
mechanism for the dynamic 
binding of messages. Before 
examining groups further, I 
need to explain a little about 
naming objects in Chorus. 

Chorus employs a single, 
global name space with names 
that are usable at any level, 
from nucleus to application. 
This contrasts with systems 
such as the DNS (Domain 
Name System) servers used 
under TCP/IP on the Internet, 
in which names are local to 
each site and a central name 
server routes messages. Cho- 
rus's name management is 
fully distributed, which re- 
moves a potential point of fail- 
ure in the name server and 
makes it easier to achieve high- 
reliability systems. 

Chorus generates names 
called UIs (unique identifiers) 
for all actors, virtual memory 
segments, and IPC addresses 
(1.е., ports and port groups), in 
such a way that the UIs are 
unique in both time and space; 
no two objects in a distributed 
Chorus system will ever use 
the same UI for as long as the 
life of the system. 

UIs are 128-bit quantities 
formed by concatenating a site 
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number, which records the 
birthplace of the object, with a 
“stamp” chosen from a very 
large, sparse random-number 
space. If you need to build a 
gateway from one distributed 
Chorus system to another, you 
can preface each system's UIs 
with an extra domain name 
identifying the system. 

Chorus supplies the raw 
means for protecting names, al- 
though the actual protection 
policies must be implemented 
in subsystems. Objects creat- 
ed by external servers (e.g., 
segments) rather than by the 
nucleus are named by global 
capabilities constructed by 
combining the UI of a port of 
the server that manages the ob- 
ject with a 64-bit key that holds 
access control information. 
Protection in Chorus can be 
summed up by the following 
three rules: 


1. Only possession of a port 
gives the right to receive on it. 
Ports cannot be shared between 
actors. 

2. Only knowledge of the name 
of a port or port group gives 
the right to transmit to it. The 
knowledge of names is pro- 
tected against forgery by the 


Message 


Threads and messages work much as you'd expect if you're familiar with Mach 
or Windows NT, and you won't go far wrong if you think of actors as the Mach or 


the membership of the wr equivalents of processes. Port groups introduce a multicast capability that's a 
group can change over powerful mechanism for dynamic binding of messages. 
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Actor. The equivalent of a 
Unix process; it provides an 
execution context for one or 
more threads. Ап actor is 
the unit of distribution in 
Chorus, the smallest soft- 
ware entity that can be allo- 
cated to a site. It is not the 
smallest unit that can be al- 
located to an individual 
processor, however; Chorus 
can allocate the individual 
threads within an actor to 
different processors on a 
multiprocessor site, so that 
Chorus supports tightly 
coupled parallel computers 
as well as loosely coupled 
networked computers. 


Ports. Queues attached to 
actors by which threads of 
one actor send messages to 
threads of another. Sending 
messages via ports rather 
than directly to the other 
thread decouples communi- 
cation from execution, so 
communication in Chorus 
becomes transparent with 
respect to distribution; one 
thread need not know where 
another is executing in or- 
der to communicate with it. 
А thread can only ever be- 
long to one actor, but a port 
can migrate from one actor 
to another, redirecting all 
messages to the new actor. 


Site. The basic unit of com- 
puting hardware under Cho- 
rus, consisting of one or 
more processors and some 
memory and I/O devices. It 
might be a whole computer 
or just a board in a rack. 
Each site runs one nucleus. 


Thread. The unit of execu- 
tion in Chorus. It has the 
same meaning (i.e., a light- 
weight process) as it does in 
Windows NT and OS/2. 
Unlike a heavyweight Unix 
process, a thread does not 
need a private address space 
but only its own stack, and 
many threads can share the 
same address space. Under 
Chorus, that address space 
belongs to an actor. 
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sparse and random nature of 
name generation. 

3. Only knowledge of the key 
of a port group gives the nght 
to update it (i.e., to insert or re- 
move ports). 


The Chorus IPC system also 
Supports authentication, issu- 
ing to every new actor and port 
a protection identifier that can- 
not be altered except by a spe- 
cial superuser. Every message 
is stamped with the identifiers 
of its sender actor and port. The 
receiver can read, but not mod- 
ify, this stamp and apply its 
own authentication policies 
(e.g., traditional Unix file per- 
missions). 

The UI of a port group 
names all the ports in the group 
so that when a thread sends a 
message to that UI, the mes- 
sage will be received by every 
port in the group. A newly 
created port group is just an 


empty UI, into which ports can 


be inserted and removed dy- 
namically. À port can belong 
to more than one group at the 
same time. 

This group concept is very 
important to Chorus, because 
the group UI provides a single 
stable name for what might be 
a changing group of entities. 
In effect, a group UI names a 
system service rather than the 
actual servers that provide the 
service. 

Groups permit a degree of 
immortality, because they per- 
sist even after the ports they 
contain have terminated. This 
property allows failed servers 
to be dynamically replaced 
(1.e., hot reconfiguration) with- 
out disrupting any transactions 
in progress. 

Take, for example, a RAID- 
style file server built from a 
bank of drives. Each drive's 
server will have one or more 
ports by which actors else- 
where in the system can ex- 
change data with it. If these 
ports are all inserted into a sin- 
gle group and remote threads 
send messages to the group 
rather than to the individual 
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ports, you can replace a failed 
drive with a backup unit, and 
programs that are running will 
never notice any difference. 


Objects Are COOL 
With Unix pretty well tamed, 
Chorus Systems has turned its 
attention to object orientation. 
COOL (Chorus Object-Orient- 
ed Layer) is an ongoing re- 
search project, now into its sec- 
ond iteration, being carried out 
with INRIA and two European 
Esprit projects. COOL-2 de- 
fines three layers that sit on top 
of the Chorus nucleus. 
COOL-base, the first layer, 
encapsulates the Chorus nu- 
cleus to present a new object- 
oriented microkernel with a 
system-call interface. COOL- 
base deals with abstractions 
called clusters, which are sim- 


ply collections of virtual mem- 


ory regions mapped into an 
address space. From a higher- 
level viewpoint, clusters are the 
places where objects exist. The 
COOL-base layer manages 
clusters, mapping them into 
multiple address spaces to pro- 
duce distributed cluster spaces. 
Clusters are the units of per- 
sistence and are subject to gar- 
bage collection. 

On top of COOL-base lies 
the GRT (generic run-time) 
layer, which provides support 
for finer-grained objects with- 
in clusters. In particular, the 
GRT provides for object exe- 
cution, virtual object memory, 
a single-level persistent object 
store similar in concept to that 
used in Apple's Newton archi- 
tecture, interobject communi- 
cations based on nucleus RPC, 
and a protection subsystem to 
enforce protection of objects 
during application execution. 

The final layer is the lan- 
guage-specific run-time layer, 
which maps the object model 
of particular programming 
languages, such as С++ or 
Smalltalk, onto the GRT's ab- 
stractions. This layer uses pre- 
processors to generate an upcall 
table for every type of object 
created at the GRT level, 
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through which the GRT can 
call to obtain language-specif- 
ic information about the se- 
mantics of certain operations. 
For example, it could find out 
how to convert in-memory 
object pointers to persistent 
pointers for storage, or how to 
handle method dispatch. This 
mechanism will enable COOL 
to support many different OOP 
(object-oriented programming) 
languages with reasonable ef- 
ficiency. 

The toughest outstanding 
problem in COOL right now is 
how to group objects that in- 
voke one another into the same 
cluster, so as to maximize effi- 
ciency. Current versions do this 
statically, scanning the source 
code for object interactions, but 
the long-term plan is to inves- 
tigate dynamic clustering based 
on the run-time execution pat- 
terns of objects. 

When COOL makes it to 
product status, then Chorus, 
alone among current operating 
systems, will be able to claim 
that it can handle every item 
on that wish list at the begin- 
ning of this article. It's begin- 
ning to look as though Taligent 
(the IBM/Apple joint venture) 
and Microsoft may be busy 
reinventing wheels that they 
could have bought on a shop- 
ping trip to Paris. B 


Dick Pountain is a BYTE contribut- 
ing editor based in London. He spe- 
cializes in programming languages 
and system architectures. You can 
reach him on the Internet or BIX at 
dickp@ bix.com. 
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REAL REALTIME OPERATING SYSTEM 


Whether you're monitoring a nuclear reactor or handling credit- 
card transactions, you need realtime performance you can count 
on around the clock. The kind of performance QN X* has 
delivered for well over a decade. ~QNX sustains a host of 
successful mission-critical applications in a wide range of 
industries. From POS to medical instrumentation, from SCADA 
to voice mail, thousands of VARs and OEMs 
rely on QNX for their realtime solutions. It's 
easy to see why. QNX is a microkernel OS 
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development, so you'll see faster time-to-market and easier 
maintenance for your applications. ~~QNX is remarkably 
flexible. You can easily strip it down to an embedded system or 
build it up to a vast network serving hundreds of CPUs.——QNX 
follows Open Systems standards like POSIX and TCP/IP, so all 
your applications become all the more portable and 
interoperable. And you can run most popular 
DOS packages- even Microsoft® Windows" 3.1 
in standard mode under QNX.~~So if you're 


combining realtime executive-class speed with we work IN REAL Time.” looking for a time-tested foundation for your 


a rich, self-hosted development environment. 
You won't have to waste time on cross- 


QNX SOFTWARE SYSTEMS LTD. 


1-800-363-9001 


(EXT. 101) 


mission-critical applications, it's time for a real 
realtime solution.~~It’s time for QNX. 
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With the world’s #1 PC X connectivity software from Hummingbird. 
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In today’s computing landscape, 
as a PC user you need to be in many 
different worlds. You may work in 
DOS, MS-Windows or Windows NT, 
and still need access to X Windows 
applications running on UNIX, VMS, 
or other operating systems. 
Hummingbird’s PC X servers let you 
do just that. Imagine being able to 
copy and paste text and graphics 
between these environments on your 
PC screen. Or, with our X develop- 
ment tools, you can port or develop X 
applications right on your PC. 

For performance, maturity and 
compatibility, nothing beats 
Hummingbird. And for good reason. 
For the second year running we are 
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= HUMMINGBIRD 
7//S COMMUNICATIONS LTD. 


2900 John Street, Markham, Ontario, Canada L3R 563 
Telephone: (905) 470-1203 Fax: (905) 470-1207 
e-mail: sales&hcl.com 


o 


the world leader in PC X server sales, 
and we continually lead the way with 
innovative features, many of which 
have become industry standards. 

So, if you are looking to expand 
your computing horizons, look to 
Hummingbird. Many Fortune 500 
companies already have. Our prod- 
ucts are sold and supported in 40 
countries. 


In Europe: 
37 rue de Vermont, 1202 Geneva Switzerland 
Telephone: 41 (22) 73318 58 Fax: 41 (22) 733 64 03 


The Hummingbird family of PC X 
servers includes: 

eXceed/W for MS-Windows 
eXceed/NT for Windows NT 
eXceed/OS2 for IBM OS/2 
eXceed/DOS for DOS 


eXceed/Xpress for serial connection. 


Other Hummingbird Products: 
eXceed/NT-XDK X development 
toolkit for PC's with NT 
eXceed/W-MDK ОЅЕ/Могі toolkit 
for MS-Windows 

eXtend Host-based PC to UNIX file 


management system. 


Contact us for more information, 
or for the Hummingbird reseller 
nearest you. 


* Sources - International Data Corporation, Jan. 1993. The X Business Group, Jan. 1893. All trademarks and registered trademarks are the property of their respective companies. 
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Objects on the March 


PETER WAYNER 


icrokernel technolo- 
gy lays a foundation 
for modular systems 

| | that can evolve in an 
orderly manner, but it doesn’t guaran- 
tee results. For example, you could ar- 
gue, with some justification, that MS- 
DOS already is a microkernel to which 
users add extensions such as network- 
ing and Windows. Of course, redefining 
DOS in this way doesn’t sweep away 
the instabilities and conflicts that arise 
when you pile on arbitrary mixtures of 
TSR programs, device drivers, and 
memory managers. Similarly, Macin- 
tosh users find that INITs and other system extensions of- 
ten lead to trouble. 

Clearly what’s needed is an object-oriented approach 
to the design of operating systems—one that lends disci- 
pline to the process of adding modular extensions to a 
small kernel. Microsoft, Apple, ІВМ, Novell/USL (Unix 
Systems Laboratories), and Sun Microsystems are all mov- 
ing their operating systems in this direction. Taligent, the 
IBM/Apple joint venture, hopes to leapfrog everybody 
else with its from-scratch object-oriented operating sys- 
tem. Next, meanwhile, ships Motorola and Intel versions 
of NextStep, the most advanced microkernel-based and 
object-oriented operating system available. NextStep lacks 
the bottom-to-top object orientation that will be Taligent’s 
hallmark, but at least it’s available today. 

Fully object-oriented operating systems will appeal 
strongly to systems programmers and users alike. At the 
system level, objects will enable programmers to dig deeply 
into the depths of the operating system to customize it to 
their needs, without disrupting system integrity. At the ap- 
plication level, users will find that they can mix and match 
features and accessories. 

Objects also pave the road to distributed computing. 
Objects are units of code and data that communicate by 
sending and receiving messages. When built correctly, the 
objects in a system are highly interchangeable, and it can 
be a relatively straightforward task to swap remote ob- 
jects for local objects and thereby extend object commu- 
nication across a network. Programmers must compensate 
for the latency inherent in such a distributed system, but 
that’s not the hardest problem that these systems intro- 
duce. The tough nut to crack will be uniform directory 


services that enable pro- 
grammers to name and 
search for objects on a net- 
work that may be scattered 
worldwide. 

The seamless nature of 
object systems will radically 
alter the way we think about 
where our data is. Data will 
be encapsulated in objects 
that will in some cases be 
able to roam to where they 
are most needed. We are 
in the habit of thinking that 
a document is simply stored 
on a particular hard disk. 
Distributed object systems 
will ask us to surrender that comfortable certainty in ex- 
change for the power and flexibility of location-transpar- 
ent storage. 

If we're to entrust our data to object systems, we'll have 
to be sure they can handle it securely. What's to prevent a 
malicious user from forging messages to access informa- 
tion? The next generation of operating systems will in- 
clude cryptographic protocols that will enable objects to 
authenticate messages. Complete object systems will also 
have to provide ways to authorize some forms of inter- 
object communication while denying others. 

All this won't happen overnight; it's going to be a long, 
evolutionary process. But it's important to understand how 
the technologies available today and those available in 
the near future—Microsoft's OLE; the OpenDoc standard 


help the next 
generation of 
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operating systems 
evolve in an 
orderly way and 
reach out across 
the network 
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from Apple, IBM, WordPerfect, Novell, 
and Borland; IBM's DSOM (Distributed 
System Object Model); Next’s PDO 
(Portable Distributed Objects); and Tali- 
gent's frameworks— will prepare users for 
life in a world of distributed objects. 


The Evolution of Microsoft's OLE 
Applications at the top of the object food 
chain will be most users' first taste of these 
emerging object systems. For Windows 
users, that means applications that use Mi- 
crosoft's OLE technology. With the first 
version of OLE, which debuted with Win- 
dows 3.1, users could insert objects into 
client documents. Those objects referred to 
(in the case of linking) or contained (in 
the case of embedding) data in a format 
recognized by server applications. Users 
double-clicked on the objects to launch 
the server applications and transfer data 
to them for editing. 

OLE 2.0, available now as a Windows 
3.1 extension, redefines the client docu- 
ment as a container. When a user double- 
clicks on an OLE 2.0 object that's been 
inserted into a container document, it can 
be activated in place. Suppose, for exam- 
ple, that the container is a Microsoft Word 
6.0 document and the inserted object rep- 
resents a range of cells in Excel 5.0 for- 
mat. When you double-click on the spread- 
sheet object, Word's menus and frame 
controls magically become those of Ex- 
cel. In effect, the word processor becomes 
a spreadsheet while the contained spread- 
sheet object has focus. 

Clearly, the user benefits from this com- 
pound document model, but for program- 
mers, OLE 2.0 requires a radical mind 
shift. They're used to writing applications 
that can, to a large extent, control the user 
interface. Under OLE 2.0 or similar sys- 
tems, the programmer 
must build an applica- 
tion that's prepared to 
surrender substantial au- 
tonomy and function as 
à cog in a machine. Pro- 
grams have to conform 
to rigid interfaces in or- 


Openness 


OLE VS. OPENDOC 
Two models for object-oriented compound documents. 


Systems 


teresting and useful ways. 

The root interface supported by all OLE 
2.0 objects is called IUnknown. It provides 
a method, QuerylInterface, that describes 
other, more specialized interfaces sup- 
ported by each object. To inquire about 
one of these, your program consults Query- 
Interface, which supplies the name of the 
interface. How do you know which names 
to inquire about? They’ re listed in the sys- 
tem registry. 

When you call through an interface to 
the methods it supports, you’re using a 
virtual function table, or vtable, that is 
quite similar to the vtables generated by 
C++ compilers. But while the structures 
generated by C++ compilers can differ 
from machine to machine and from com- 
piler to compiler, OLE's vtables present 
a standard, well-known mechanism. 

The similarity to С++ does mean, how- 
ever, that OLE 2.0 is much easier to use in 
C++ than in any other language. Calling 
OLE 2.0 objects from C, for example, re- 
quires substantial effort. You have to cre- 
ate and initialize vtables explicitly, dupli- 
cating work that's done automatically by a 
C++ compiler. The C++ bias of OLE 2.0 
stands in sharp contrast to the language 
neutrality of IBM's SOM (System Object 
Model), the object-dispatch mechanism at 
the heart of OpenDoc (see the table "OLE 
vs. OpenDoc"). 

OLE objects can support a wide range of 
interfaces to functions for such things as 
memory management, name binding, data 
transfer, and object storage. Among the 
most important are the interfaces that pro- 
vide a common, way for an object to ne- 
gotiate with the container for display real 
estate in the container's window and for 
storage space in the container's document. 

The infrastructure required to support 


OLE OPENDOC 
Controlled by Microsoft. 


Controlled by the CIL (Component 
Integration Lab). Many vendors, 
including Apple, Borland, Claris, and 
WordPerfect, are participating in the 


these complex object interactions is so ex- 
tensive that Microsoft has described OLE 
2.0 as "one-third of an operating system." 
Object storage, for example, utilizes a doc- 
file, which is really a miniature file sys- 
tem contained within an ordinary MS-DOS 
file. Docfiles provide their own internal 
mechanisms for subdirectories, locking, 
and transaction (1.e., commit/rollback) se- 
mantics. 

What doesn't OLE do yet? Networking 
is the most glaring omission, and it's the 
top priority for future OLE development. 
The next major iteration of OLE will ap- 
pear in a distributed, object-based version 
of Windows called Cairo, which is due in 
1995. 


Apple's OpenDoc 

Apple, along with WordPerfect, Novell, 
Sun, Xerox, Oracle, IBM, and Taligent— 
collectively known as the Component In- 
tegration Laboratories—is also pursuing 
an object-oriented compound document 
architecture called OpenDoc. Designed as 
a cross-platform technology, the project 
lags behind OLE 2.0 considerably and 
won't enter its alpha stage until about the 
time this article sees print. Apple expects 
to ship beta OpenDoc development kits 
this summer, in time for the Apple World- 
Wide Developer's Conference. 

The core technologies in OpenDoc are 
the Bento storage mechanism (named after 
the Japanese plates with compartments for 
different foods); a scripting technology 
that borrows heavily from AppleScript; 
and IBM's SOM. In a Bento document, 
each object has a persistent ID that moves 
with it from system to system. Storage is 
not only transactional as in OLE, but it is 
capable of storing and tracking multiple 
revisions of each object. If there are several 
drafts of a document, 
only the incremental 
changes from one revi- 
sion to the next will ac- 
tually be stored. The up- 
per limit to the number 
of extant revisions will 
be user-configurable. 


der to interact success- project. This incremental ap- 
fully with other objects. Language байбы. үнер) proach will significant- 
OLE's designers strove a ly reduce the disk space 
to find the right balance: | Inheritance Simulated with aggregation. Genuinely supported. that’s needed to main- 


The interface had to be 
sufficiently rigorous to 
ensure trouble-free ob- 
ject interaction, yet flex- 
ible enough to allow 
objects to evolve in in- 


tain multiple revisions 
of a document. Because 
the Bento system will be 
transactional and multi- 
user-safe, it will lend it- 
self to the development 


Storage Model Compound file with transaction 
controls. 


Compound file with transaction and 
revision controls. 


Availability For programmers, now. For users, 
OLE-2.0 capable applications are 


now shipping. 


For programmers, alpha and beta 
versions will appear during 1994. 
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To Inherit or Not to Inherit? 


The ability of objects to be derived from 
and specialize more general objects is 
fundamental to any object-oriented sys- 
tem. Yet Microsoft deliberately exclud- 
ed inheritance from OLE 2.0's object 
model. The problem, according to OLE 
developers, is that it’s hard to specify a 
precise interface between a base object 
and a derived one. 

For example, suppose an object inher- 
its half of its behavior from the operating 
system and provides the other half itself. 
Now suppose that a new version of the 
operating system revises the base object 
while preserving its interface. In theory, 
the derived object should still work per- 
fectly. This is the major selling point for 
object-oriented systems. IBM, for ex- 
ample, touts SOM (System Object Mod- 
el) as a way to achieve binary reuse of 
objects. 

But there can be hidden pitfalls, say 
OLE developers. Suppose the derived 
object defines a virtual method that su- 
persedes a method in the base object. 
Suppose also that the original version of 
the base object called this virtual method 
once after all its data was initialized. 
What if the new base object called the 
virtual method before some piece of data 
was initialized? The interface wouldn't 
be violated—parameters would still be 
passed correctly—but tacit assumptions 
made by the derived object's program- 
mer could lead to trouble. 

Microsoft therefore came up with the 


of collaborative applications. Note that 
OLE does not currently support revision 
control, although Microsoft says this fea- 
ture will appear in Cairo. 

OpenDoc’s scripting, which is modeled 
on the Mac's AppleScript, implements a 
set of standard verbs that are intended to be 
as general as possible. Fourteen core verbs 
will apply polymorphically to almost all 
applications supporting OpenDoc. A verb 
might specify, for example, “move to next 
item," which could mean "move to the 
next word" in a text document and “move 
to the next cell" in a spreadsheet. 

Apple's decision to introduce object- 
oriented polymorphism to the OpenDoc 
scripting language grew out of the com- 
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notion of aggregation, whereby pro- 
grammers must explicitly build in the 
pointers from a derived object to a base 
object. This approach allows the pro- 
grammer to build in controls that would 
stop the object from inheriting something 
in a dangerous way. The programmer 
could, for example, force the derived ob- 
ject to check the revision number of the 
base object. 

In IBM's SOM, on the other hand, the 
dispatcher automatically uses the first in- 
stance of a base-class object that it can 
find. This approach requires more disci- 
pline on the part of programmers, who 
must try to ensure that the derived code 
they write interacts with base-class ob- 
jects from one revision to another. 

Apple's Kurt Piersol is familiar with 
this dilemma, because OpenDoc's ob- 
ject model is SOM. He believes, how- 
ever, that talented programmers deserve 
the freedom that inheritance brings and 
can handle the responsibility that it de- 
mands. Jim Green, director of the DOE 
(Distributed Objects Everywhere) proj- 
ect at Sun Microsystems, agrees, and he 
notes that Microsoft's is the only object 
system that imposes such strictness. 

Who's right? Only time will tell. Ob- 
jects are not standard equipment yet. 
When there's a broader base of experi- 
ence, we'll see whether programmers 
will run amok with inheritance and come 
begging for forgiveness like the prodi- 
gal son. 


pany's experience with HyperCard, ac- 
cording to OpenDoc developer Kurt Pier- 
sol. HyperCard's XCMD mechanism en- 
abled programmers to add arbitrary 
commands to the HyperCard scripting lan- 
guage. But programmers had to resort to 
difficult and inelegant tricks that could 
have been avoided if HyperCard's lan- 
guage model had been stronger. 

Apple has learned its lesson, says Pier- 
sol. Thanks to IBM's SOM, which is a 
language-independent engine that imple- 
ments inheritance and method-dispatch- 
ing, OpenDoc's script language will en- 
able programmers to write clean, clear 
code that makes it much easier to integrate 
different applications. 


REPORT 


The team at Apple plans to make Open- 
Doc compatible with Microsoft’s OLE. If 
the plan succeeds, the OpenDoc system 
will be able to wrap OLE objects with a 
layer of message-translation software. An 
OpenDoc container would see an embed- 
ded OLE object as an OpenDoc object, 
and the OLE object would see its contain- 
er as an OLE container. Apple says that 
the reverse translation should also be pos- 
sible. In that scenario, OpenDoc objects 
function in OLE containers. The translation 
layers are being developed by WordPer- 
fect, with help from Borland, Claris, Lotus, 
and others. 

Can it work? It’s a tall order, but the 
fact that both OpenDoc and OLE are built 
with object technology makes the notion at 
least conceivable. Given that editing a doc- 
ument involves universal conventions such 
as “save” and “delete,” Microsoft and Ap- 
ple are certain to express their interfaces in 
similar ways. 


Dueling Object Models: SOM and COM 
Underlying OLE and OpenDoc are two 
competing object models: Microsoft’s 
COM (Component Object Model) and 
IBM’s SOM. Each defines protocols that 
objects use to communicate with one an- 
other. How do they differ? Most visibly, 
SOM is language-neutral and supports in- 
heritance, while COM is strongly biased 
toward C++ and eschews inheritance in 
favor of an alternative mechanism that Mi- 
crosoft calls aggregation. See the text box 
“To Inherit or Not to Inherit?” for a sum- 
mary of the inheritance/aggregation de- 
bate. 

IBM first used SOM to support the class 
hierarchy of the Workplace Shell in OS/2 
2.0. But that’s just one application of what 
is in fact a fully general system for defin- 
ing object hierarchies and invoking object 
methods. When one SOM object invokes 
another, the SOM run-time engine inter- 
cepts the call, locates the target object, ac- 
tivates it, and passes parameters in a stan- 
dard binary format. 

SOM solves a problem that has long 
plagued OOP (object-oriented program- 
ming) languages. Such language systems 
interoperate poorly because no binary 
standard supports inheritance and method 
dispatching across compilers—never mind 
across languages. You can’t take a class 
library written in Borland C++ and extend 
it using Microsoft C++. Nor can you in- 
herit from or extend Borland or Microsoft 
class libraries using COBOL, C, or Small- 
talk. But you can do all these things if you 
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make SOM, rather than C++ ог some | 
other OOP language system, respon- 


sible for inheritance and method dis- [=< 


patch. 

This approach yields another im- 
portant benefit: rapid development. I 
quit programming with one set of ob- 
ject-oriented libraries supplied for the | 
Mac because I grew tired of waiting 
for lengthy compilations whenever I f 
made the slightest modification to the 
root of the class hierarchy. Everything 
needed to be recompiled because the 
parts were in some way dependent on 
the root class. 

SOM solves this "fragile base 
class" problem, according to IBM, by 
eliminating the need to recompile in many 
cases. You can add new methods and local 
variables to a base class without recom- 
piling its derived classes, and the derived 
classes can continue to call methods of the 
base class as before. 

This flexibility is essential if a system is 
to be extended cleanly. Ҥ you use the sys- 
tem's window object and build your ap- 
plication around the features in it, you 
don't want to have to recompile your entire 
application when IBM decides to add more 
features to the system window object. 
SOM ensures that the new features won't 
get in your way. You may choose to use 
them in a later revision of your software, 
but there is no need to recompile the soft- 


Inheritance vs. Aggregation 


Inheritance 


Base class 
containing 
method 
DrawFrame / 


In both cases, your object passes on calls to draw its frame 
to a method called DrawFrame. In the SOM inheritance 
model, the ORB (object request broker) vectors the 
DrawFrame call directly to the base class object where it is 
implemented. In the COM aggregation model, your object 


must add to its vtable the necessary pointer to the 
DrawFrame method in the base class object. 
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| (see the figure “Inheritance vs. Ag- 
Ч gregation”). 

As an example, imagine you're cre- 
A ating a spreadsheet object in a docu- 
77 ment, but you want it to have flexi- 


ЛАМ ble column widths instead of the fixed 


columns provided by the standard ob- 


Ет і M ject. With conventional ООР you'd 


A inherit most capabilities (e.g., formu- 


zl la translation and constraint propaga- 


tion) from the base class and then 


E M override the display function to im- 


The NextStep interface builder. Visual tools are all the rage, 
but Next's are still the best around. 


ware to remain compliant with the base 
system. 

This flexibility does come at a price, 
however. Using SOM means that compil- 
ers cannot optimize interobject communi- 
cations. In conventional OOP implemen- 
tations, compilers can sometimes place 
small objects in-line, effectively creating 
an instance of the object and removing the 
interobject communication code. A flexi- 
ble object model like SOM must inevitably 
trade away such optimizations. 

The SOM model was recently extended 
to work in a distributed manner on IPX/ 
SPX, TCP/IP, and NetBIOS networks. 
DSOM looks the same as SOM to a pro- 
атага, but the DSOM run-time engine 
can match up objects with re- 
{ quests for their services even 
| when those requests reach across 

process or machine boundaries. 
| How will IBM handle the 
| naming of objects in a distrib- 
| uted system? DSOM provides 
| its own, somewhat limited di- 
rectory service, but for large- 
] scale systems IBM plans to rely 
| on the global directory services 
| of the Open Software Founda- 
| tion's DCE (Distributed Com- 
puting Environment). 


| Microsoft's COM 

Microsoft's COM, developed for 
| OLE 2.0, tackles the same prob- 
| lems that IBM's SOM does, yet 
| in startlingly different ways. The 
most visible difference is that 
COM doesn't explicitly support 
inheritance. Instead it offers an- 
other mechanism, called aggre- 
gation, that requires objects to 
explicitly include pointers to ob- 
jects higher up in the hierarchy 


"4 plement variable-width columns. The 
EI compiler in C++, or the SOM run- 
time engine in the case of SOM, 
would redirect the display calls to your 
code while routing other calls to the 
ancestral object. 

Microsoft's OLE, however, won't do 
such redirection automatically. You must 
explicitly expand your object's vtable to 
include pointers to the reference class. In 
Microsoft's terms, you "aggregate" the 
pointers into your object. Why is this nec- 
essary? The QueryInterface method in each 
OLE object only knows how to read local 
vtables; it can't search upward through an 
inheritance chain, because there isn't one. 

Microsoft's architects chose this ap- 
proach because they thought that it would 
be more resistant to the “fragile base class" 
problems that emerge when a base class 
is redefined. "Tt is significantly easier for 
programmers to not be clear about the ac- 
tual interface between a base and derived 
class than it is [for them] to be clear," says 
Bob Atkinson, one of the principal devel- 
opers of COM and OLE. "In practice, the 
base-derived interface will not be well ar- 
ticulated, thus preventing the base-class 
provider from revising his product," he 
notes. 

But OLE developers didn't want to rule 
out inheritance completely, so they al- 
lowed objects to effectively inherit func- 
tions by adding them to their internal 
dispatch table. In this scenario, the spread- 
sheet object you've created would contain 
your own display functions, along with 
pointers to all the functions in the main 
spreadsheet object. 


The Taligent Revolution 
Taligent (Santa Clara, CA) is building a 
new, object-oriented operating system 
from the bottom up. Everything in the sys- 
tem, from device drivers to applications, 
will share a common object model. The 
company expects that this bold approach 
will produce a clean operating system that 
will be completely extensible. 
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lustry-accepted Distributed Com- 
ting Environment (DCE) standards Å Who needs 
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the Open Software Foundation. slipups? 08/2 is 
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Fact: NT still Needs Time to tion solid. 


mm. P ove itself in the 


wide. It's the leading, second genera- 
tion, 32-bit Intel'-based operating 
system—a more stable, more 
developed version of the award- 
winning March, 1992 release. 

If you're looking for a cost-effective, secure, high 
function client/server solution today—Not Tomorrow— 
then О5/2 is for you. To order or to find out more 
about OS/2 2.1, call 1 800 3-IBM-OS2. In Canada, 
call 1 800 465-7999, OS/2 2.1 is also available at your 
local software dealer. And that’s a fact. 
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Taligent engineers talk obsessively 
about frameworks, by which they mean 
structures that harness collections of ob- 
jects. Conventional frameworks include 
Borland’s Object Windows Library, or 
OWL, and Apple’s MacApp. These, how- 
ever, govern only the creation of applica- 
tions that run under Windows and the Mac- 
intosh. They include classes for windows, 
controls, menus, and other GUI parapher- 
nalia. By relying on these frameworks to 
handle simple, standard user interactions, 
programmers can concentrate on more 
complex and application-specific tasks. 

Taligent’s frameworks, by contrast, will 
reach down into the bowels of the operat- 
ing system. But with this unprecedented 
freedom will come an equal measure of 
responsibility. Programmers will have to 
tread carefully: If you want to add a de- 
rived class that takes control of a certain 
feature of the system, you have to be sure 
not to violate any of the assumptions built 
into the base class. 

This principle holds true for any oper- 
ating system, of course, but I have always 
found programming in frameworks to be 
like writing sonnets: There are many pos- 
sible themes, but there are also some rules 
that just cannot be broken. Nevertheless, 
Taligent’s radical openness and mallea- 
bility are alluring. 

Complicating the future of Taligent is 
the company’s relationship with its par- 
ents, IBM and Apple. Taligent plans to 
release in 1996 its own operating system, 
which shares IBM’s SOM and its micro- 
kernel. But the company also plans to re- 
lease a personality module that sits in 
IBM’s Workplace OS milieu. It is not clear 
yet whether, or how, Apple intends to 
move the Taligent technology onto the 
Macintosh platform. 


Next Got There First 

The furor surrounding the object-orient- 
ed futures of Microsoft, Apple, IBM, and 
Taligent can obscure the fact that NextStep 
delivers many of the same benefits today. 
It allows you to spin together reusable ob- 
jects to build a slick user interface in no 
time flat (see the screen on page 144), and 
Next supplies powerful frameworks for 
database and 3-D graphics work. 

Over the last five years, NextStep’s per- 
formance has improved dramatically, says 
Avadis Tevanian, manager of Next’s RISC 
business unit. A key challenge for devel- 
opers was to optimize memory allocation 
so that objects were kept together in mem- 
ory. Early versions of the system swapped 
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excessively because they couldn’t achieve 
locality of reference with respect to ob- 
jects. 

The NextStep compiler now also per- 
forms some object-level optimizations. 
Each method is assigned a unique num- 
ber, and objects can invoke a method by 
number rather than by name. This ap- 
proach speeds up context switching and 
makes NextStep extremely responsive to 
the user. 

NextStep also tackles the problem of 
distributing objects across a network. A 
technology called Distributed Objects sim- 
plifies the task of creating systems of ob- 
jects that communicate across a network. 
A programmer makes an object available 
throughout the network by vending it— 
that is, registering its name in the Network 
Name Service. Programmers who use Dis- 
tributed Objects can avoid dealing with 
the lowest level of interaction with Mach, 
the network, and RPCs (remote procedure 
calls). 

Next is now making Distributed Ob- 
jects available on other operating systems, 
in a form called PDO—Portable Distrib- 
uted Objects. PDO for HP-UX, which 
shipped in mid-November, contains the 
Objective C language compiler (i.e., the 
language in which NextStep objects are 
written) as well as code for handling dis- 
tributed object requests. Next intends to 
ship PDOs for Data General, NCR, and 
other Unix platforms and eventually non- 
Unix operating systems, possibly including 
Windows NT. 

Does the requirement to use Objective C 
limit the appeal of PDO? Not according 
to Ricardo Parada, software engineer with 
Pencom Software. “Nothing beats Objec- 
tive C for objects,” he says. “NextStep is 
the platform that made me see that C++ 
is not good enough for OOP.” 

At press time, Next and SunSoft an- 
nounced a joint licensing agreement that 
will marry Sun’s developing object tech- 
nology with the NextStep application en- 
vironment. Next will freely publish a spec- 
ification describing OpenStep, an operating 
system—independent software layer en- 
compassing NextStep APIs and applica- 
tion frameworks. Sun will license the 
OpenStep application layer from Next, 
along with development tools including 
Interface Builder, and will make these stan- 
dard parts of Solaris. The OpenStep spec- 
ification will be written in terms of Ob- 
jective C, but it can also be implemented in 
С++. "We' ve been investing for three 
years building low-level object plumbing," 


said Sun chairman and CEO Scott Mc- 
Nealy at the joint announcement. “Open- 
Step gives us the application framework 
we need to layer on top of that plumbing." 
In exchange for OpenStep, Sun will li- 
cense that object plumbing to Next. 


The CORBA Connection 

Hewlett-Packard, Sun Microsystems, and 
DEC began experimenting with objects 
long ago. These companies have now 
joined with many others to fund an indus- 
trywide coalition known as the OMG (Ob- 
ject Management Group), which develops 
standards for object exchange. The OMG's 
CORBA (Common Object Request Broker 
Architecture) lays the groundwork for dis- 
tributed computing with portable objects. 
CORBA defines how objects locate other 
objects and invoke their methods. 

If this sounds strikingly similar to IBM's 
SOM, it should. SOM is CORBA compli- 
ant. If you're using DSOM under OS/2 (or 
АГХ), you'll be able to invoke CORBA- 
compliant objects running on HP's, Sun's, 
or other architectures. Does this mean you 
will be able to edit an OpenDoc object cre- 
ated on the Macintosh from within a con- 
tainer document on a RISC workstation? 
Probably not. CORBA can guarantee only 
a low-level mechanism by which objects 
can invoke other objects. To interact suc- 
cessfully, the two objects also have to un- 
derstand each other's messages. 

The OMG hopes to synchronize the ef- 
forts of many leading workstation ven- 
dors. SunSoft, for instance, is working 
with the OMG to transform much of its 
technology into open standards. SunSoft's 
work in the realm of distributed objects 
has yielded a series of Solaris extensions 
that have been incorporated into the Com- 
mon Object Services Specification, or 
COSS, which are now approved as OMG 
standards. 

The naming service links an object to 
a human-readable name that a program- 
mer or system can use to find the object on 
a network. The event notification service, 
which enables objects to synchronize their 
operations, supports client/server or peer- 
to-peer interaction. The association ser- 
vice joins objects together into collections. 
The properties service lets anyone bind 
annotations to objects. This object-level 
graffiti could support store-and-forward 
messaging or store configuration data. 


Security in a World of Distributed Objects 
The more that we link our computers to- 
gether, the more difficult our security prob- 
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built for. Together, CA-REALIZER" 2.0 and 05/2" 2.1 
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With CA-REALIZER, you get a visual program- 


CA-REA LIZER 
1s BASIC-ally 


Its a structured superset of BASIC, extended to access 
objects and resources of both Windows™ and OS/2. 
You also get fully integrated Programmable Application 


Realize the full power of your PC with OS/2, and you'll р” _ 


never go back to BASICS, 


س 
— 
"Ох call Computer Associates at 1 800 CALL-CAI. IGM and О5/2 are registered trademarks and “Operate at a —‏ 
higher level" is a trademark of International Business Machines Corporation. CA-REALIZER is a registered =‏ 
trademark of Computer Associates Intemational, Inc. Windows is a trademark of Microsoft Corporation. All E ——‏ 
other products are trademarks or registered trademarks of their respective companies. 61993 IBM Corp. -—‏ 


Tools?" In short, its a developers dreamkit. 

CA-REALIZER eliminates the need for cumber- 
some SDKs. А totally new and improved visual FormDev 
lets you edit multiple forms simultaneously, as well as 
adding items like scroll bars, spreadsheets, charts, 
animation and OLE objects. You can even import or 
export 1-2-3, Excel and Xbase files. 

With its pre-emptive multitasking, OS/2 makes 
CA-REALIZER a faster BASIC to work with, allowing 
you to move on while the system completes the previous 
job. And the applications you create can be compiled into 
stand-alone 05/2 programs you can distribute royalty- 
free with the run-time module that's included. There's 
even an award-winning report writer at no extra charge. 

Clearly, when it comes to BASIC, CA-REALIZER 
is anything but. To order or find out more about 
OS/2 2.1 or CA-REALIZER, call 1800 3-IBM-OS2* 

In Canada, call 1 800 465-7999, 


Operate at a higher level. 


petter. 


сысы шшш =‏ سو 
es жыш‏ = = 
шшш‏ ے [o ë‏ 
Å- ш‏ 
шы шз‏ = 
Lu‏ 
шыш‏ س 


Circle 251. on Inquiry Card. 


{п а СОВ 


specifies which connections are permitted. 


lems become. The inherent flexibility of 
distributed object systems brings new se- 
curity challenges. Designers want to make 
it easy for one object to call another object, 
even if the two occupy different address 
spaces, ZIP codes, and time zones. Speedy 
communication is critical. 

Unfortunately, security gets in the way. 
There are strong mathematical algorithms 
for sealing messages from prying eyes and 
proving that the identity of an object or a 
person is authentic. But the problem is that 
these algorithms chew up compute cycles. 
That's acceptable on an occasional basis— 
say, once per log-in session— but too bur- 
densome if every object call needs to pay 
this extra computational price. 

Emerging solutions take two basic 
forms. Novell and Apple are concentrating 
on public-key algorithms based on patents 
held by RSA Data Security (Redwood 
City, CA) and Public Key Partners (Sun- 
nyvale, CA). In these systems, keys come 
in pairs. One is published while the other 
is kept private to the owner. А central au- 
thority dispenses public keys to users. 

The other common method, which is 
used by Apple, IBM, DEC, and many oth- 
er Unix manufacturers, is based on the 
Kerberos system developed at MIT dur- 
ing the 1980s. This system is based com- 
pletely on private keys that are dispensed 
by a central, trusted authority. In this case, 
though, the central authority must provide 
a new key whenever a secure link between 
two entities must be generated. In public- 
key systems, the central authority is con- 
sulted only when two computers first com- 
municate. 

The latest security provisions come bun- 
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BA environment, ORBs ensure that only 
authorized objects can transmit messages. The access table 
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| dled in Apple’s latest revision of 
| the Macintosh operating system, 
j called System 7 Pro. Apple is rec- 
~~ | ommending that all users in net- 
` | worked environments shift over 


1 | to this version because it offers 


_ Î a variety of options for building 
` | collaborative environments. The 
| security provisions take two dif- 

- | ferent forms: digital signatures 

` Î and secure collaborative sessions. 

=~ | Digital signatures are generat- 

ч ed with an RSA algorithm. When 
\ Î you join the network, a pair of 

` Î keys, one public and one private, 
| are issued in your name. When 

! you want to "sign" a document, 
you drop it onto the DigiSign pro- 
gram. This action will fetch your 
private key from disk, where it is 
kept in encrypted form. You type 

in a password that decrypts the private key 

(which is too long for a user to remem- 

ber), and a signature is then generated and 

attached to the document's resource fork. 

Apple hopes that this technology will 
reduce the flow of paper in offices. If you 
want to question the veracity of a signature, 
you ask the central authority for the per- 
son's public key. It will verify signatures 
generated with the corresponding private 
key. The only way that someone can forge 

a signature is by obtaining the private key 

or the password. Apple has designed the al- 

gorithm so the private key is held in mem- 
ory in unencrypted form only for as long as 
it's needed. 


Object-Based Security 

IBM is working with the OMG and with 
other companies to add a layer of security 
software on top of the SOM and DSOM 
object managers. The challenge is to ensure 
that messages can reach objects only when 
the sender has the appropriate authoriza- 
tion. The goal is to provide a secure stan- 
dard that meets or exceeds the Orange 
Book criteria formulated by the National 
Security Agency. 

IBM's approach is to delegate authen- 
tication work to the ORBs (object request 
brokers) that make connections between 
the objects over the network (see the figure 
“Object-Based Security"). While it’s pos- 
sible to add a layer of protection to the ob- 
jects themselves, this severely constrains 
an object's reusability in applications that 
do not require security. IBM plans to em- 
bed access control in the ORB, which will 
filter out unauthorized requests. Program- 
mers can then create objects without wor- 
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rying about security precautions. 

Secure ORBs will maintain access ta- 
bles that control which outside objects can 
access objects under its control. The ORB 
will be able to check the identity of the 
message sender by using public-key algo- 
rithms. It will also negotiate keys for en- 
crypting messages. Messages will be de- 
crypted before they are passed to their 
target objects. 

Windows NT takes a similar approach 
with its built-in security. Each object's 
creator sets its access privileges. The object 
broker in the kernel controls the connec- 
tions so that only authorized messages get 
through. 

The U.S. government issues standards 
that specify degrees of security. At level 
C2, for example, a system guarantees that 
any object can be made secure at the dis- 
cretion of its creator. Windows NT sys- 
tems can be made C2-secure because all 
interactions must pass through the object 
dispatcher. The simplicity of the model 
makes it possible to analyze the system 
and ensure that there are no “trapdoors” 
available for anyone to exploit. Sun Mi- 
crosystems, HP, and DEC also produce 
operating systems that are C2-secure or 
better. 


Objects Are Closer Than They Appear 

The transition to object-oriented operat- 
ing systems will dominate the rest of this 
century. Programmers will need to rewrite 
huge quantities of code to exploit the ben- 
efits of these new systems. 

The OLE 2.0-compatible applications 
that are now emerging are an important 
first step. OLE 2.0 is the carrot and stick 
that Microsoft hopes will ensure a supply 
of applications for Cairo when it emerges. 
The members of the OpenDoc consortium 
are pursuing a similar strategy that, unlike 
OLE 2.0, is not tightly coupled to the Win- 
dows platform. And Unix vendors, always 
advanced in their network orientation, are 
rapidly converging on interoperable COR- 
BA-compliant distributed object systems. 

Not everything must be described in the 
future tense, however. IBM's CORBA- 
compliant DSOM toolkit is shipping now, 
as is Next's PDO. Adventurous and for- 
ward-looking developers can today ex- 
plore the kinds of object technologies that 
will appear on the mainstream platforms of 
tomorrow. Ш 


Peter Wayner is a BYTE consulting editor based 
in Baltimore, Maryland. He can be reached on 
the Internet or BIX at pwayner@ bix.com. 
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he new breed of operating 
systems won't just do the 
same old things better. In- 
stead, they'll offer capabil- 
ities that we' ve never expected before. 
Some of these (e.g., microkernels and 
objects) will live deep in the bowels of 
the systems, and users may never know 
they exist. But one new capability will 
affect almost every desktop computer 
user: the ability to run foreign applica- 
tions. 

Currently, add-on software lets Mac 
and Unix users run DOS and Windows 
applications. But in the generation of 
operating systems now emerging, the ability to run for- 
eign software will be a standard part of the system and 
will work well. Your choice of operating system will no 
longer drastically limit your choice of applications. The 
collision of user interfaces that occurs when Mac, Win- 
dows, and Unix applications all share the same screen will 
take some getting used to. Still, multiple operating-sys- 
tem personalities are here to stay, and soon they'll be as 
standard as mice and menus. 

What won't be standard, though, is the way in which 
operating systems implement their ability to run nonna- 
tive applications. OS/2, Windows NT, Unix, Workplace 
OS, and the Mac will all take distinctively different tacks. 
These differences will affect how well you are able to take 
advantage of the wider range of applications that the extra 
personalities will support. 

There are two competing sets of requirements. The mis- 
sion of a foreign personality is to run existing applica- 
tions, so it must support them as fully and faithfully as 
possible. But the needs of those applications may conflict 
with the design of an advanced operating system. Spe- 
cialized device drivers may be at odds with the need for 
security. Memory management schemes and windowing 
systems may conflict. Business issues (e.g., the cost of li- 
censing code and threats of legal action) also affect the 
design of foreign personalities. But the biggest potential is- 
sue is performance: A personality must run applications at 
an acceptable speed. 


The Emulation Equation 
For one computer to run software intended for another 
(e.g., a Mac running DOS software), the computer must 


perform instructions that it 
doesn't natively understand. 
For example, a Mac’s 680х0 
processor must execute bi- 
nary code that was intended 
for a PC’s 80x86 CPU. The 
80x86 comes with its own in- 
struction decoder, registers, 
and internal architecture; it 
executes each instruction 
through hard-wired circuitry 
or by executing a microcode 
routine within the CPU. 

The 680x0 doesn’t under- 
stand 80x86 code, so typ- 
ically it has to collect each 
instruction, decode it to de- 
termine. what it's intended to 
do, and perform the equiva- 
lent routine using external 680x0 code rather than internal 
microcode. Because the 680x0 also doesn’t come equipped 
with exactly the same registers, flags, and internal arith- 
metic and logic units as an 80x86, it must also imitate 
those elements, either in its own registers or in memory. 
And it must accurately reproduce the results of each in- 
struction, which requires 680x0 routines specifically writ- 
ten to make sure that the emulated registers and flags will 
be exactly the same as they would be on a real 80x86 after 
executing each instruction. 

For the CPU, it’s not hard work, just exacting and very 
tedious—the sort of job at which computers excel. But 
it’s also very slow work, because the microcode inside a 


Windows and 
Macintosh 
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The ability to run 


software is the 
order of the day, 


and the name of 
the game is 
“multiple 

personalities” 
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real 80x86 runs at a much faster clip than 
the external 680x0 instructions that must 
emulate it. In the time it takes the 680x0 
to perform one 80x86 instruction, a real 
80x86 CPU might be able to execute doz- 
ens of instructions. The result: A DOS pro- 
gram running under pure emulation on a 
Mac is certain to be incredibly slow com- 
pared to one running on a PC. 

The problem isn't the Mac, though— 
Macintosh software being emulated in- 
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struction-by-instruction on a Unix work- 
station runs like molasses, too. The emu- 
lation equation is easy to understand: The 
processor's ordinary performance, minus 
all the overhead of emulation, will equal 
how much work it can do. Thus, unless 
the processor performing the emulation is 
spectacularly faster to compensate for the 
emulation overhead, the software running 
under emulation will simply be very, very 
slow. 


A Dime a Dozen 
What makes the new personalities better 
than emulation in the past? Faster proces- 
sors help, of course. But the big difference 
is that many of today’s applications run 
under GUIs like Windows, the Mac, or 
Unix’s Motif. That means the new per- 
sonalities can “cheat” on the emulation 
process. 

An application running under a GUI 
spends much of its running time doing 


SunSelect’s Wabi vs. Insignia Solutions’ SoftWindows 


unSelect’s Wabi (Windows Ap- 

plication Binary Interface), which 
will be bundled with many Unix work- 
stations, uses the workstation’s normal X 
Window System display protocols for 
creating the images called for by a Win- 
dows application and Unix’s 
usual facilities for handling 
files, memory, and other re- 
sources. 

Wabi is based on technol- 
Ogy acquired by SunSelect 
from Praxsys Technologies, 
but it functions much like 
other personality transla- 
tors. While working its way 
through the code in a Win- 
dows application, Wabi de- | 
codes and mimics individual 
80x86 instructions until it en- 
counters a call to a DOS or 
Windows function. Then the 
emulator switches to native 
mode, performing the DOS or Windows 
function by making the appropriate calls 
to X, Unix, or other facilities. The tech- 
nical challenge comes in translating the 
parameters of each Windows call to the 
appropriate format for Unix and then 
translating the results from the function 
call into the appropriate information to 
be returned in the appropriate Windows 
data structures. 

The first release of Wabi claims to 
support the Windows 3.1 API, with DDE 
and OLE supported only as external 
DLLs that must be interpreted by Wabi’s 
80x86 emulator. Networking is limited to 
access to remote file systems and print- 
ers. SunSelect says improved network 
support and native versions of DDE and 
OLE will come in a future release of 
Wabi. 
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Windows applications running under 
Wabi have the look of an X-based Unix 
GUI such as Motif or OpenLook, rather 
than that of Microsoft Windows. And 
instead of running the entire Windows 
iei environment within a window, 
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Wabi running Windows applications on the Solaris desktop. 


as Insignia Solutions’ SoftPC and Soft- 
Windows currently do, Wabi opens a 
new window on the Unix desktop for 
each Windows-based application. Us- 
ing a standard X display means both text 
and graphics can be cut and pasted be- 
tween Windows and Unix applications 
(although most Unix applications can't 
automatically convert to and from the 
Windows bit-map format). 

However, SunSelect isn't religious 
about its X implementation of Windows. 
To make sure TrueType fonts are prop- 
erly handled for the Windows applica- 
tions, the company has licensed font- 
handling technology from Bitstream. As 
a result, when a Windows application 
issues a call to display text in a particu- 
lar TrueType face, Wabi converts the 
request to X calls but also provides the 


appropriate fonts for the display. 

Wabi can't currently handle plenty of 
Windows-related features, including 
multimedia extensions, ODBC (Open 
Database Connectivity), MAPI (Mes- 
saging API), and networking beyond 
access to remote file systems and print- 
ers. Are those limitations Wabi-killers? 
SunSelect doesn’t think so, arguing that 
Wabi's purpose is to run the popular 
Windows applications Sun's customers 
have asked for, not to convert Unix into 
a close copy of Windows. The current 
list of " Wabi-certified" applications is 
short. Only 13 packages from Lotus, 
WordPerfect, Microsoft, Borland, and 
other major Windows software vendors 
are guaranteed to run under Wabi. 

According to SunSelect's director of 
research and development, Andy Hal- 
ford, another 50 packages seem to work 
fine, but they haven't been run through 
the Wabi testing and certification pro- 
gram. Software that uses APIs Wabi 
doesn't support may fail to install or exit 
gracefully with an option to close files— 
or even cause Wabi to abort. 

But a Microsoft-backed competitor 
thinks Wabi's approach is far too limited. 
The day before SunSelect unveiled Wabi, 
Microsoft launched a preemptive strike 
by announcing it would license Windows 
source code to Insignia Solutions. The 
product that Insignia produced from that 
agreement, SoftWindows, runs Windows 
applications on Unix workstations, but 
there the similarity to Wabi ends. 

SoftWindows is actually Windows 
3.1 and MS-DOS, recompiled for Unix. 
Initially, SoftWindows fully supports 
OLE, DDE, and DLLs; Insignia says it is 
now working on multimedia and other 
extensions. The image that appears in a 


some very predictable things. It repeated- 
ly makes calls to the GUI’s libraries to 
manipulate windows and perform other 
GUI-related functions. And that’s where a 
personality can make up for some of the 
time lost doing instruction-by-instruction 
emulation. À carefully crafted personality 
can come complete with libraries that mim- 
ic the GUI's own internal libraries but that 
are written in native code. Some vendors 
call this approach translation, to distin- 
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SoftWindows window is that of a com- 
plete Windows desktop, and because the 
source code is the same as the original 
80x86 version, every nuance of Win- 
dows is preserved. When SoftWindows' 

80х86 emulator reaches a Windows func- 
tion call, it doesn’ t simply mimic the 
function. It actually performs it, at full 
processor speed, with appropriate calls 
made to Unix instead of DOS. 

Because it uses authentic Windows 
source code, Soft Windows is able to run 
a far wider range of Windows applica- 
tions than Wabi. By comparison, says 
Insignia, Wabi offers very little. 

But according to SunSelect, Wabi does 
claim one major advantage over Soft- 
Windows: blinding speed. Ex- grag 
ecuting every line of authentic 
Windows code for each function 
creates an awful lot of overhead, 
particularly because Wi indows was 
designed as a 16-bit application E 
running on top of MS-DOS and 
was built to perform its own mem- 
ory management and other ad- К 
vanced functions. By contrast, DE 
Unix is a 32-bit operating system H 
that has finely tuned memory man- | 
agement and other facilities. — t 

SunSelect argues that by using B& 
Unix to mimic Windows rather 
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than slavishly performing every B | A 


line of the authentic code, Wabi 
can outperform genuine 80x86- 
based Windows. A demonstration per- 
formed at SunSelect' s original Wabi 
announcement appears to bear out the 
claim. Running the Wintach benchmark, 
a PC running the Intel version of Solaris 
with Wabi performed 50° percent faster 
than an identical PC running Microsoft 
. Windows, according to SunSelect. - 
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guish it from the slower process of emu- 
lating code one instruction at a time. 

For example, on a Mac executing a Mi- 
crosoft Windows program, performance 
might be very slow when it's interpreting 
80x86 instructions. But when a call is made 
to open a window, the personality module 
could switch to a precompiled 680x0 win- 
dow-opening routine. Because the GUI li- 
braries don't have to decode and imitate 
each 80x86 instruction, performance can 
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In response, Insignia points out that 
Wintach is just one benchmark, and it’s 
strongly geared to graphical functions— 
the kind of functions where Wabi would 
be expected to do well. Insignia claims 
it uses a battery of benchmarks to make 
sure its RISC Unix versions of SoftWin- 
dows will perform at least as well as a 
25-MHz 486-based PC in every area. The 
company says it has not yet benchmarked 
SoftWindows against Wabi but that the 
two initially look “competitive.” 

Ironically, SunSelect is an Insignia 
customer. The company sells an en- 
hanced version of Insignia's SoftPC as 
SunPC, and SunSelect acknowledges that 
for SPARC c customers who need more 
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SoftWindows running ET applications. 


complete PC emulation, that’s the way to 
go. But for those who need to run only 
the top Windows applications, says Sun- 
Select, Wabi is a better solution. 

The choice between Soft Windows and 
Wabi comes down to whether а customer 
wants to run full-scale Windows or full- 
speed Windows applications. 
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speed up dramatically in sections of the 
code that call the GUI’s ABI (Application 
Binary Interface). The result is that in those 
sections of the code, the application can 
approach (or possibly exceed) its perfor- 
mance on its native processor. 

And there's a fot of code that calls the 
GUI ABI in typical applications today. 
Apple claims that a Mac application spends 
up to 90 percent of its processing time per- 
forming Mac toolbox routines, rather than 
executing code that’s unique to the appli- 
cation. SunSelect says that Windows ap- 
plications spend 60 percent to 80 percent of 
their time in the Windows kernel. As a re- 
sult, there can be a much smaller perfor- 
mance penalty for emulation of GUI-based 
applications. In fact, SunSelect claims that 
its new Windows personality, Wabi (Win- 
dows Application Binary Interface), can 
outperform real Microsoft Windows on 
the same hardware when running some 
benchmarks, thanks to highly optimized 
libraries. 

The rise of GUIs has also resulted in 
another change in the way most desktop 
applications software is written today. Un- 
til the advent of the Mac, most desktop 
software treated operating-system calls 
with a sort of “do-it-yourself” philosophy. 
If the programmer didn't think the operat- 
ing system would perform the routine fast 
enough, he or she would often dispense 
with the available operating-system calls 

жп and write an equivalent routine that 

| directly manipulated hardware or 
software. This approach was com- 
monly used for time-critical func- 
J| tions like display scrolling and get- 


pus pd {| ting data from a serial port. 


"Programming on the metal" for 

3| performance was a nightmare for 
33] emulator writers, because they had 

2] to mimic software that was going 
A| directly to hardware that usually 
сх] didn’t exist on the computer doing 
| the emuiation. И was also a major 
= problem for computer makers such 


$ met as IBM and Apple, because it 
Es locked them into using exactly the 


same hardware architecture in gen- 
eration after generation of the IBM PC and 
the Apple II. Changing many hardware 
details was out of the question, even if the 
changes would mean dramatic improve- 
ments, because changes would also break 
lots of software. 


Lessons Learned 
Apple learned its lesson from the Apple 
II experience. With the Mac, Apple 
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U.S. Savings Bonds will 
help him retire with class. 


When he retires, he plans to do some- 
thing he’s wanted to do since he went to 
college: go back to college. 

“If you stop learning, you stop living,” 
is how he puts it. 


Although retirement’s a few years 
away, he's saving for it today with U.S. 
Savings Bonds. You can do the same. 


U.S. Savings Bonds are the safe, easy 
way to save for retirement. They're 
backed by the full faith and credit of the 
United States. They'll be there when you 
retire — or even sooner if you need them 
— and they're guaranteed to grow. You 
can buy them for just a few dollars each 
payday through your employer's U.S. 
Savings Bonds Payroll Savings Plan or 
for as little as $25 each at your bank. 
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Whatever your retirement plans, start 
saving for them today with U.S. Savings 
Bonds. They're the easy way to save — 
and the safe way to invest. 


For more information, ask your 
employer or bank, or write: U.S. Savings 
Bonds Division, Department of the Treasury, 
Box 933 M, Washington, DC 20226. 


For a recorded message of current 
rate information, call 1-800-4US BOND. 
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worked hard to discourage programmers 
from “going to the metal” or otherwise de- 
parting from a strict set of programming 
guidelines. (Apple's programmers weren't 
immune to the temptation to program on 
the metal, though. Some Apple telecom- 
munications software for early, relatively 
slow Macs programmed the hardware di- 
rectly.) The result of that discouragement 
was that Mac applications software was 
much less likely to break the rules than 
PC software. With fewer hardware de- 
pendencies, Apple has been able to evolve 
the architecture of the Mac over time. 

The biggest reason programmers used 
the Mac's "toolbox" of GUI library rou- 
tines was not a stick, but a carrot. The tool- 
box routines were so complex and power- 
ful that using them was significantly easier 
than writing your own version of the code. 
Microsoft Windows also included a pow- 
erful GUI ABI, as did Microsoft and 
IBM’s OS/2 Presentation Manager and 
Unix GUIs based on the X Window Sys- 
tem. When Windows rocketed to popu- 
larity in 1990, the tide turned for emula- 
tion. Finally, a large body of applications 
software that spent a large part of its time 
in a GUI ABI could be mimicked. 

With the technical barriers down, there 
are pressing business reasons why ven- 
dors believe multiple personalities are a 
crucial part of any successful new operat- 
ing system. DOS, Windows, and Mac pro- 
grams pack the shelves in software stores; 
obtaining shelf space for a new incompat- 
ible type of software is practically impos- 
sible. More important, users have plenty of 
Windows and Mac software, and they're 
not about to give up the software they 
know well, no matter how impressive a 
new operating system promises to be. In 
fact, for an increasing number of business 
customers, the ability to run particular PC 
applications (e.g., Lotus 1-2-3 and Word- 
Perfect) is becoming a standard require- 
ment for desktop computer purchases, even 
if the purchase also requires technical ap- 
plications available only under Unix. 

Luckily, the modularity of the new gen- 
eration of operating systems makes it far 
easier to support multiple personalities. 
Unlike older operating systems, which of- 
ten consist for all practical purposes of a 
single large block of code divided into ar- 
bitrary parts, newer systems are modular, 
with clearly defined interfaces between 
the parts. That makes it much easier to de- 
sign additional modules that bundle to- 
gether processor emulation and GUI li- 
brary translation. 
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So the pieces have all come together, 
both technological (software style, proces- 
sor speed, and modular operating systems) 
and business (popular “‘must-run” software 
packages). Multiple personalities are the 
wave of the future for operating systems. 


Who's Got What? 
Among the advanced operating systems 
that will specifically incorporate multiple 


VT EMULATION GIVES YOUR 
A A FACELIFT—THE WINDOWS 


pj -i 


Before REAterm, host data was dull, 
colorless, and limited by aging host 
applications. KEAterm transforms your host 
data—matking it better looking, and more 


useable. 


Apply the power and ease of Windows 
tools, like Excel, 1-2-3, WordPerfect, Visual 
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personalities are IBM’s OS/2 2.x and 
Workplace OS; Microsoft Windows NT; 
the PowerOpen Association’s PowerOpen; 
and versions of Unix from Sun Microsys- 
tems, IBM, and Hewlett-Packard. In ad- 
dition, some companies are repackaging 
their user interfaces as personality mod- 
ules, and still other vendors offer emulation 
and personality-translation products that 
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EXISTING AND FORTHCOMING OPERATING SYSTEMS OFFERING MULTIPLE PERSONALITIES 


05/2 2.x! 


IBM IBM 


Now 
DOS, Windows 3.1 


Availability: 


Personalities 
available: 


Look and feei: — OS/2 or complete 
Windows environment 


within a window 


Windows 3.1 
applications and 
device drivers 


Applications 
supported: 


Workplace 0S? 


Future (this year) 


DOS, Windows, OS/2, 
AIX (Unix), others 


OS/2 Workplace 
Shell or Unix CDE 


Unknown 
(prerelease) 


peralin 


“Systems 


Windows NT? 


Microsoft 


Now 


DOS, Windows 3.1, 
Win32, OS/2 1.x, Posix 


Windows 


DOS and Windows appli- 
cations that do not require 
access to hardware; character- 
based 16-bit OS/2 applications 


1 OS/2 2.x is based on code licensed from Microsoft, OS/2 for Windows incorporates no Microsoft code. 
2 Additional proposed personalities include Mac and BSD Unix. Currently a Prod in development. 


3 Posix support requires recompilation of source code. 
4 Mac support via Macintosh Application Services. 


Ромег0реп* 


РомегОреп 
Association 


Future 
Macintosh, AIX (Unix) 


Motif; Mac desktop іп a 
self-contained window 


RS/6000 AIX, System 7 


3 Advanced Figo 


Unix (with Wabi)5 


SunSoft (Solaris), IBM 
(AIX), Hewlett-Packard 
(HP-UX), USL (SVR4.2) 


Now (Solaris) 
Windows 3.1 


Motif or 
OpenWindows 


13 Windows applications 
{гот major vendors 
"certified"; others 

may run 


5 Wabi Windows personality was reverse-engineered from Windows API. Wabi has been licensed to IBM, Novell, end HP end will be available with every Sun workstation and copy 


of Solaris for intel. 
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Macintosh 


Application Services! — Liken? 


Vendor: Apple Andataco 


Availability: 


Operating 
systems 
supported: 


Future (this year) 


Unix (PowerOpen, 


others) HP-UX) 


Personalities Мас Mac 


available: 


Look and 
feel: 


Mac using X 
Window System 
widgets 
Unknown 


window 


Applications 
supported: 


1 "Statement of direction" from Apple. 


Unix (Solaris, 


Complete Mac 
desktop in a 


Monochrome 
System 6-раѕей 
applications 


SoftPC! 


Insignia 


Equal Application Adapter? 


Quorum Software 


Unix (Solaris, Mac and Unix 


Silicon Graphics) 


Mac System y" 


Motif or 
OpenWindows mode DOS in a 
window 
Microsoft Word and Excel Most DOS and 
"certified"; others run but 
are not guaranteed and 
may end Equal session 


unexpectedly 


direct hardware 
access 


? Requires a copy of System 6.0.7. Emulates 680x0 CPU and Mac hardware environment. 
3 Reverse-engineered trom System 7 specifications. Runs Mac applications but does not mimic entire Mac environment. 


4 Emulates 80x86 and PC hardware environment. 


5 Based on Windows source code licensed from Microsoft. 


6 Microsolt Windows can be run over Merge. 


Perhaps the most familiar multiple- 
personality operating system is also the 
one that opened the floodgates by showing 
that the ability to run other systems’ soft- 
ware can be a big plus. OS/2 2.0 ran DOS 
and Windows 3.0 applications, and ver- 
sion 2.1 improved on this, upgrading to 
Windows 3.1 software and making the 
Windows windows a regular part of the 
desktop. 

At first glance, IBM developers would 
seem to have had a comparatively easy 
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task in adding the Windows personality 
to OS/2. After all, like Windows, OS/2 
runs on 80x86 CPUS, so no processor em- 
ulation was required. In addition, IBM had 
access to actual Microsoft Windows source 
code and the right to use it, for a licensing 
fee, in OS/2. So IBM's work largely con- 
sisted of integrating the Windows code 
into OS/2. 

But it still wasn't easy. The require- 
ments of the two environments created dif- 
ficult problems, some of which IBM has 


(many varieties) 


DOS, Windows 3.1 


Windows, character- 


Windows applications applications and 
that do not require 


SoftWindows 


Insignia 


Merge! 

Locus 

Computing 

Now p 


Unix (80x86 
versions) 


Unix (Solaris and HP- 
UX now; AIX, Silicon 
Graphics, and DEC 
OSF/1 in March) 


Windows 3.1 DOS 


Character- 
mode DOS 


Complete Windows 
environment ina 
window 


Most existing Windows Most DOS 
applications that 
do not require 
direct hardware 


access 


device drivers that do 
not require direct 
hardware access 


never satisfactorily resolved. For exam- 
ple, Windows incorporates its own mem- 
ory manager. So does OS/2. Unable to 
modify the Windows code to use OS/2’s 
memory management services directly, 
the OS/2 developers settled on using the 
Windows memory manager within the 
OS/2 memory manager. Windows’ ma- 
nipulations of memory can spill over into 
the OS/2 swap file. Similarly, OS/2’s 
“seamless Windows” mode required major 
work on the display drivers to enable the 
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PC-Xware 


Accessing a Unix application from your PC no longer 
means you have to leave the world of Microsoft Windows. 
Thats because NCD has brought its leading X server gg 
technology to your PC. 

Its called PC-X ware, and it's a Windows 
application. So it allows you to access both 
graphical X and character-based Unix applications 
in the same way you currently access, say, Excel. 

Or Word. And since the complexity of Unix 

is masked behind Windows icons, displaying 

a Unix application on your PC requires nothing 
more than a point and a click. 

What's more, only PC-Xware integrates fast X access 
with the tools needed to get Windows and Unix not just 


working together, but complementing one another. 


NEWT 


For beyond its powerful PC X server and VT320 emulation, 
it has а 100% Windows-based TCP/IP stack, plus NCD's 
XRemote serial protocol. 

Which means your PC can access all 
your hosts and all your applications without 
the need for extra software. And if you're 
also after Unix files, PC-Xware even has 

integrated file transfer and NFS options. 

If all this sounds like something you 

could get friendly with, call NCD today at 
1-800-793-7638 and ask for PC-Xware. 


Network Computing Devices, Inc. BE 


All registered and unregistered trademarks mentioned above are the sola property of their respective owners. 
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two window systems to share screen real 
estate. 

Windows NT offers five operating- 
system personalities: DOS, Windows, an 
advanced 32-bit version of Windows, OS/2 
1.x, and a Unix-like personality that meets 
the IEEE's Posix.1 specification. NT runs 
on several different CPUs, including the 
Mips R4000/R4400 and DEC's Alpha, as 
well as the 80x86. To run DOS and Win- 
dows applications on non-80x86 platforms, 
NT incorporates emulation technology li- 
censed from Insignia Solutions, which also 
makes the DOS emulator SoftPC for the 
Mac and Unix workstations. (NT's OS/2 
personality is not supported on non-80x86 
processors.) 

Naturally enough, to provide the ability 
to run Windows applications, Microsoft 
used its own Windows source code, mod- 
ified and recompiled for each CPU that 
NT runs on. The 16-bit Windows and DOS 
personalities run on top of the 32-bit Win- 
dows (Win32) NT subsystem. On 80x86 
machines, where the CPU is not emula- 
ted, DOS and 16-bit Windows applica- 
tions run in V86 mode, and 16-bit calls 
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аге “thunked” (converted to 32-bit ver- 
sions) and serviced by Win32. 

NT’s major trade-off in DOS and Win- 
dows support is that, in keeping with NT's 
security and reliability goals, device drivers 
and other DOS and Windows programs 
are not allowed access to the hardware. 
As a result, some DOS and Windows pro- 
grams simply won't run under NT. (In 
contrast, OS/2's DOS and Windows sup- 
port allows more complete DOS and Win- 
dows support, but for that capability trades 
away robustness.) 

NT's OS/2 support has special limita- 
tions compared to the DOS and Windows 
personalities, but it is still a thoroughly us- 
able version. It is available only on 80x86 
NT, does not support the PM GUI, and is 
designed to handle only software written 
for OS/2 1.2 and earlier versions, which 
limits applications to 16-bit versions. In 
practice, though, NT's OS/2 personality 
can run current versions of many OS/2 
packages— particularly server applications, 
which don't require PM. 

In contrast to the OS/2 personality, NT's 
Posix personality isn't actually mimick- 
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ing an existing operating system at all. Al- 
though there are versions of Unix (on 
which Posix is modeled) for each CPU 
that NT runs on, NT’s Posix can’t run 
shrink-wrapped Unix software; it requires 
programs to be recompiled before run- 
ning. 


The Unix Strategies 

While Windows NT can’t гап Unix bina- 
ries, some Unix vendors are convinced 
they need the ability to run Windows soft- 
ware. That ability has been available for 
several years through third-party software 
like SoftPC (now available with Win- 
dows), which runs on Macs and Sun, HP, 
IBM, Next, and Silicon Graphics Unix 
workstations. On 80x86-based computers, 
Locus Computing's Merge also enables 
DOS applications to run under Unix. 
Merge runs a standard copy of Windows 
on top of the DOS environment. 

In addition, Insignia's new SoftWin- 
dows was scheduled to begin shipping in 
December. SoftWindows uses a recom- 
piled version of the Windows source code 
to speed up Windows applications run- 
ning on Sun, HP, IBM, DEC, Next, and 
Silicon Graphics Unix workstations. If that 
approach sounds familiar, it should: It's 
almost exactly the same approach used for 
non-80x86 versions of Windows NT. But 
while SoftWindows and NT are concep- 
tually close cousins, NT can also run 32-bit 
Windows code, while SoftWindows is lim- 
ited to running16-bit Windows applica- 
tions. 

However, the most aggressive approach 
to bringing Windows and Unix together 
comes from Sun Microsystems’ SunSe- 
lect division, which has developed Wabi. 
While SoftWindows uses recompiled Win- 
dows source code from Microsoft, Wabi is 
an attempt to reverse-engineer Windows 
based on its functional specifications, with 
all operating-system-related functions 
(e.g., display, memory management, and 
interprocess communication) handled by 
Unix. Instead of the Windows desktop, 
each Windows application running under 
Wabi appears in its own screen window 
and uses the Motif or OpenLook screen 
appearance rather than that of Microsoft 
Windows. 

The result is a mixed success. SunSe- 
lect initially guarantees that Wabi can run 
only the most popular Windows software, 
including Lotus 1-2-3 and Ami Pro; Word- 
Perfect; Microsoft Word, Excel, Power- 
Point, and Project; Borland Paradox and 
Quattro Pro; Aldus PageMaker; Harvard 
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Graphics; CorelDraw; and Procomm Plus. 
The company says that the list of “certi- 
fied” applications will grow. In the mean- 
time, while some noncertified applications 
will run, others may not install, or may 
fail while the application is running due 
to use of unsupported API calls. 
SunSelect says its focus is on running 
popular applications rather than mimicking 
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Quorum Software Systems’ Equal running the Macintosh version of 
Microsoft Word on a Silicon Graphics workstation. 


Windows in its entirety. But all Windows 
applications function in a complex envi- 
ronment, with subtleties that may show up 
only when Wabi’s developers tackle sup- 
port for applications outside the most- 
wanted list. In addition, Windows will con- 
tinue to be a moving target; SunSelect may 
be hard-pressed to keep up with future 
changes required by new versions of Win- 
dows software. 

However, Wabi has one huge advan- 
tage in any popularity contest for Win- 
dows-on-Unix software: SunSoft is mak- 
ing Wabi available with every copy of its 
Solaris version of Unix, and SunSelect has 
licensed the product to IBM, HP, and No- 
vell to include in their versions of Unix. If 
all these vendors include Wabi in their 
systems as Sun does, Wabi will be shipped 
with more than 70 percent of all Unix 
workstations. 
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Not to be outdone, Apple is working on 
its own Mac personality translator to run 
on Unix systems. The first version, Mac- 
intosh Application Services, will run on 
PowerPC-based workstations running the 
PowerOpen version of Unix. MAS will let 
PowerOpen workstations run both Unix 
applications and shrink-wrapped software 
intended for 680x0-based Macs. (MAS 
should not be confused 
with the new PowerPC- 
based Macs, which also 
use processor emulation 
and GUI translation to 
run 680x0 Mac soft- 
| ware.) 

MAS will appear as a 
"Macintosh window" on 
PowerOpen-based work- 
stations. Although Ap- 
ple says that MAS will 
be compatible with X, 
Mac applications run- 
ning under MAS will 
still have the distinctive 
Mac look and feel. 

In addition, Apple has 
announced that it will 
eventually support other 
Unix workstations. Ap- 
ple hasn't released de- 
tails of its plans, and 
they clearly fall under 
the category of future 
product development. 
However, Sun, HP, and 
IBM have already said 
they hope to use the 
forthcoming Apple tech- 
nology to let their Unix 
workstations run unmodified shrink- 
wrapped Mac software. 

In the meantime, two ISVs (indepen- 
dent software vendors) are already emu- 
lating the Mac on Unix systems—although 
with limits. Andataco's Liken is a pure 
processor emulator; it runs on Sun and HP 
workstations and mimics the Mac’s 680x0 
CPU, as well as the Mac hardware envi- 
ronment. However, Liken doesn't try to 
copy the Mac's toolbox GUI libraries; for 
that, you need a copy of System 6.0.7. 

In contrast to Liken, Quorum Software 
Systems' Equal is designed to mimic both 
the 680x0 processor and all Mac system 
calls, so that Mac applications can run on 
Sun and Silicon Graphics Unix worksta- 
tions. Like Wabi, Equal puts each Mac ap- 
plication in its own window, using X to 
display Motif- or OpenLook-style window 
decorations. Also like Wabi, Equal cur- 


REPORT 


rently has a limited set of “certified” ap- 
plications. Initially, it includes only the 
Mac versions of Microsoft Word and Ex- 
cel, although Quorum plans to expand the 
list of certified software early this year to 
include Microsoft PowerPoint, QuarkX- 
Press, and other popular Mac software. 
(According to Quorum, many “uncerti- 
fied” Mac applications гип with no prob- 
lems.) 

Closing the circle is IBM’s Workplace 
OS, the OS/2 successor based on the Mach 
3.0 microkernel. Standard Workplace OS 
personalities will include Unix and OS/2 
(along with its DOS and Windows per- 
sonalities). But IBM hints that other per- 
sonalities may also be available for the 
system. Because the Workplace OS inter- 
faces are being developed in close com- 
munication with Taligent, the IBM/Apple 
joint venture to develop an object-oriented 
operating environment, both Taligent and 
the Mac GUI are likely candidates as 
Workplace OS personalities. 


Who Wins, Who Loses 

The ability to run Windows and Mac soft- 
ware is no longer a minor consideration 
when it comes to advanced operating sys- 
tems. But beyond that simple point of 
agreement lie a welter of strategies for 
putting the multiple-personalities idea to 
work—and some of those strategies are 
diametrically opposed to others. A care- 
ful examination of the strategies operat- 
ing-system vendors are using makes it ap- 
parent that there’s no single correct way to 
implement multiple personalities. 

In the case of Unix, the personality 
translator is typically designed to float 
along the surface of the operating system, 
like any other application. For more re- 
cent operating systems like Windows NT 
and Workplace OS, the personality module 
is much more closely linked to the oper- 
ating system, although it is still highly 
modular. And for OS/2, with its simpler, 
less modular structure, the personality ca- 
pability appears to be deeply embedded 
in the operating system. 

But while operating-system vendors are 
juggling their approaches to run the largest 
number of popular applications most ef- 
fectively, the biggest impact of the trend 
toward multiple personalities may be on 
applications software developers. Win- 
dows and Mac applications are likely to 
sell slightly better than before. The big 
winners will be those Windows applica- 
tions that are already the most popular, 
because the ability to run them will be 
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Windows NT and Workplace 05: Plug It In 


Wi Unix personality modules 
are designed to function as if 
they were applications, both Microsoft's 
and IBM's entries in the portable 32-bit 
operating-system sweepstakes take a 
more integrated approach. Microsoft 
Windows NT and IBM's forthcoming 
Workplace OS have been specifically 
designed to support emulation of mul- 
tiple operating-system personalities, al- 
though the difference between the two 
systems' approaches is striking. 

Windows NT supports five operat- 
ing-system personalities: MS-DOS, 16- 
bit Windows, OS/2 1.x, Posix, and 32-bit 
Windows. All five personalities are im- 
plemented as NT "environment subsys- 
tems"; each runs in its own protected 
user space. The Win32 subsystem han- 
dles display, keyboard, and mouse sup- 
port for the other four personalities. 

DOS and 16-bit Windows applica- 
tions run via VDMs (virtual DOS ma- 
chines), each of which emulates a com- 
plete 80x86 computer running MS-DOS. 
In NT, a VDM is a Win32 application; 
thus, like a typical Unix personality mod- 
ule, NT DOS and 16-bit Windows ap- 
plications effectively float in a layer di- 
rectly above the Win32 subsystem. 

The OS/2 and Posix subsystems are 
a different matter. As full-scale NT sub- 
systems themselves, they communicate 
with the Win32 subsystem for user input 
and output, but they also communicate 
directly with the NT Executive for other 
operating-system services. The OS/2 
subsystem can run many current char- 
acter-mode OS/2 applications, includ- 
ing OS/2 SQL Server, and it supports 
named pipes and NetBIOS. 

But the Posix subsystem is remark- 
ably limited, despite direct access to ker- 
nel services. Posix applications must be 
compiled specifically for Windows NT; 
NT does not support binary code in- 
tended for any other Posix-compliant 
operating systems, such as Unix. In ad- 
dition, NT's Posix subsystem does not 
directly support printing, does not sup- 
port network access except for remote 
file systems, and does not support any fa- 
cilities of the Win32 subsystem such as 
memory-mapped files or graphics. 
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Compared to NT, IBM's forthcom- 
ing Workplace OS uses a more straight- 
forward organization. While some NT 
personalities go through the Win32 sub- 
system and others deal directly with the 
NT kernel, all Workplace OS personal- 
ities have direct access to kernel ser- 
vices. Workplace OS currently supports 
three personality servers: an OS/2 server 
for OS/2 applications, an AIX server 


that mimics IBM's version of Unix, and 


an MVM (multiple virtual machines) 
server for DOS and 16-bit Windows ap- 
plications. 

Workplace OS is built оп a version 
of Mach 3.0. The IBM microkernel sup- 
plies only a very limited set of services; 
it is essentially a software backplane into 
which other modules, called servers, 
connect. The personality servers func- 
tion exactly like any other Workplace 
OS servers. Each runs in its own pro- 
tected memory spacc and communicates 
directly with the microkernel and, 
through it, other servers. 


However, all personality servers are · 


not created equal. IBM initially plans 
two versions of Workplace OS, one the 
OS/2 Workplace Shell, the other, Unix 
CDE (common desktop environment). 
In each case, the dominant personality 
will do double duty, providing both the 
capabilities required for its own appli- 
cations and the desktop GUI and default 
execution semantics for the other per- 
sonalities. On a standard Workplace OS 
system, the OS/2 (or Unix) personality is 
dominant. The other personality servers, 
known as alternative personalities, don't 
contain code to provide these services. 

However, dominance is entirely arbi- 
trary in Workplace OS. The Workplace 
OS could be given a Windows look and 
feel, although IBM has no plans to do 
so. IBM says the server interfaces for 
Workplace OS will be published, so con- 
structing dominant and alternative per- 
sonalities wil] be practical for ISVs (in- 
dependent software vendors). Additional 
personalities can also be added by IBM 
or other vendors; although none have 
been announced, a Mac personality is 
rumored as a future addition. 

In practice, announcements and dem- 


onstrations are currently the limit of 
Workplace OS’s functionality, because 
itis a product in development rather than 
a shipping package like NT. In recent 
demonstrations, for example, Workplace 
OS's Unix and DOS personalities were 
both character-based, and users could 
only hot-key between them and the OS/2 
GUI. 

Technically, both Windows NT and 
Workplace OS use modular subsystems 
to support multiple operating-system 
personalities. Paul Giangarra, lead ar- 
chitect for Workplace OS, is enthusias- 
tic about the idea of other software ven- 
dors developing additional personalities 
(or, alternatively, personality-neutral ser- 
vices). Microsoft's director of business 


development, Bob Kruger, says the 


whole reason NT includes Posix sup- 
port is to demonstrate that subsystems 
can be added, either by Microsoft or oth- 
er vendors, that connect directly to the 
NT Executive without running as Win32 
applications. 

In fact, the two approaches seem very 
comparable at a technical level. Then 
why does Workplace OS's approach to 
multiple personalities seem so robust, 
promising the potential ability to run 
every significant desktop operating sys- 
tem, while NT's non-Windows person- 
alities seem thoroughly undeveloped? 
One reason may be that it's easier to cre- 
ate a robust plan than a working operat- 
ing system with robust implementations 
of multiple personalities. 

But there's also clearly a difference 
in business philosophy. IBM is pursu- 
ing multiple personalities, while Micro- 
soft appears to be discarding them. “How 
many people are actually going to write 
a Posix application?" asks Kruger. And 
he downplays NT's ability to run OS/2 
applications: "At the end of the day, peo- 
ple will buy Windows NT because it 
runs Windows," Kruger insists. It's true 
that with good support for Windows ap- 
plications, NT already has many of the 
benefits that multiple personalities prom- 
ise. But only üme will tell if a Windows- 
only philosophy will help or hurt NT in 
its competition with other advanced op- 
erating systems. 
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A Better OS/2 Than 08/2? 


|^ the first major operating 
Ml system to demonstrate the commer- 
cial value of supporting multiple per- 
sonalitics is now demonstrating a new 
way to support them. OS/2 was a serious 
disappointment to development partners 
Microsoft and IBM when it was first re- 
leased. When it was first introduced, an- 
alysts predicted that within five years, 
OS/2 would account for more than half 
the sales of business PCs, displacing 
MS-DOS as king of the desktop. Instead, 
early versions of OS/2 sold fewer than a 
half-million copies per year—a tiny frac- 
tion of expectations. And with OS/2's 
downfall came the collapse of the close 
relationship between IBM and Micro- 
soft. . 

So when IBM relaunched О$/2 in 
1992, Big Blue needed an edge. It found 
that edge by beefing up OS/2's ability 
to run DOS-based applications software 
and adding support for Windows appli- 

cations. While OS/2 1.x offered only a 
single window for running DOS soft- 
ware, version 2.0 let users run several 
DOS sessions at once. Windows sup- 
port in version 2.0 was initially limited to 
running Windows 3.0 on a full screen, 
but OS/2 eventually supported both 
"seamless" Windows applications (each 
appearing in its own desktop window) 
and, in version 2.1, support for Windows 
3.1 applications. 

OS/2's DOS and Windows support 
came through MVM (multiple virtual 
machines), an OS/2 subsystem that could 
imitate a series of DOS PCs. In contrast 
to the modular approach to multiple per- 
sonalities used by Unix, Windows NT, 


and Workplace OS, OS/2's DOS and 
Windows support was firmly embedded 
in the operating system's code, which 
seriously limited its flexibility in adding 
new operating-system personalities. 

What proved to be most important, 
though, was simply that DOS and Win- 
dows support was there. Despite a dearth 
of OS/2-specific software, OS/2 sold 
some 2.5 million copies since OS/2 2.0 
appeared—far more than in its previous 
history. While that was less than one- 
quarter of Microsoft’s annual sales of 
Windows, it represented an astonishing 
comeback for OS/2 and provided con- 
vincing proof that the ability to run pop- 
ular software could prove to be the dif- 
ference between success and failure for a 
new operating system. 

The comeback came at a high price. 
OS/2's Windows support used source 
code that was provided to IBM by Mi- 
crosoft as part of the companies' tech- 
nology-sharing agreement. To use the 
Windows code, however, IBM was re- 
quired to pay a royalty to Microsoft for 
every copy of OS/2 that the company 
shipped. Although IBM never made pub- 
lic the details of the license, the compa- 
ny has reportedly paid Microsoft $20 
per OS/2 copy, or more than $50 mil- 
lion since launching OS/2 2.0. Also, that 
royalty fee pushed OS/2's list price to 
more than $200. 

But a new version of OS/2 changes 
both the economics and the technology 
of its Windows support. Code-named 
Ferengi when it was under development 
at IBM's Personal Software Products 
Division in Boca Raton, Florida, the new 
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version is officially named OS/2 Spe- 
cial Edition for Windows, or OS/2 for 
Windows for short. As its name sug- 
gests, it functions as an upgrade to OS/2 
for users who own Microsoft Windows. - 
To install, it requires a system with DOS 
5.x or higher and Windows 3.1. Once 
in place, OS/2 for Windows loads the 
actual Windows environment, modifying 

it on the fly, so that Windows support - 
is virtually identical to that under pre- 
vious versions of OS/2. 

The business impact of OS/2 for Win- 
dows is clear: Because it incorporates 
no Microsoft Windows code, IBM pays 
no royalty to Microsoft. As a result, the 
list price of the package is less than half 
that of conventional OS/2. | 

The technical impact may be just as 
dramatic, at least for IBM's develop- 
ment team. In effect, OS/2 for Windows 
lifts up Windows and slips an OS/2 jack- _ 
et around it. That approach ' will pose a 
major challenge for [BM developers 
with each new release of Windows: де- 
velopers will have to work feverishly to 
upgrade OS/2 for Windows to tweak the 
new Windows binaries correctly. Still, 
their efforts may be no greater than the - 
work required to integrate a new ver- 
sion of the Windows source code would 
have been. 

Whether IBM’s new OS/2-jacket ap- 
proach to Windows support will have 
as great an impact on OS/2 sales as the 
improved DOS and Windows support l/ 
of OS/2 2.0 remains to be seen. What is - 
clear is that OS/2 for Windows effec- 
tively tums OS/2's DOS and Windows 
inside out. 
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bundled with a large percentage of Unix 
workstations in the form of Wabi. Ironi- 
cally, because they are so popular, the ad- 
ditional software sales may not make a big 
impact on them. 

And the big losers? They’re likely to 
be single-user productivity applications 
written specifically for Unix. Unix soft- 
ware developers already face major prob- 
lems. Popular Unix workstations sell in 
the hundreds of thousands, not millions 
(like the Mac) or tens of millions (like the 
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PC). Few software retailers carry any Unix 
applications at all. The combination of 
low volume and limited distribution means 
that Unix software vendors will be hard- 
pressed to compete against similar Win- 
dows or Mac programs. That could spell 
the end of the line for applications that 
don’t take advantage of the special fea- 
tures of Unix—or any other advanced op- 
erating system. 

In the end, the real impact of multi- 
ple personalities will be on users, in the 


form of easier access to better software 
and more freedom of choice in operating 
systems. That may not be great news for 
all operating-system or applications ven- 
dors. But for users who have ever need- 
ed software they couldn't run, multiple 
personalities are an important step to- 
ward sanity. Ш 


Frank Hayes is a writer, communications consul- 
tant, and former West Coast news editor for BYTE. 
You can contact him on BIX as "frankhayes. " 


Your software programs 
were barely speaking 


Then s¢ nething dlicked 


If you're tired of playing matchmaker 


| to software applications (even ones 
| from the same vendor), youll be pleased 
to hear this. There is a product that does 

it for you, now. Prodea Synergy" makes 
the programs you already have, and what you've built with them, work together. A few points 
and clicks, and applications will exchange just about everything but valentines. 


Mr. R. Lee Allen of Schering-Plough, a company already using Prodea Synergy, 
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You should also know that what you build is easy to pass on to others, without 
worrying about hot links, paste links or file location. Prodea Synergy runs under 
Windows: costs $495 and has a 30-day money-back guarantee. For a limited time you 


also get a $200 introductory cash rebate. Call us at 1-800-PRODEA-1. Your software 


programs will never look at one another the same way again. Syne rey” 
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Whether you are building or buying 
a PC, the only components to consider 
are those from American Megatrends, 
the BIOS people known for their world 
famous AMIBIOS. Now, with hardware, 
you can get the same compatibility and 
performance that has made the 
AMIBIOS world famous. With high 
quality motherboards 
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Green PC, System BIOS, / SCSI, Sound, SVGA 
Keyboard, PCMCIA, PCI ү, Communications, PCMCIA 


can make the difference between an 
== ordinary PC and an outstanding 


os mam = personal computer. So experience the 
Megatrends dramatic difference our expertise can 


make and demand only quality 
THE PEN cE American Megatrends components 
D THIN in your personal computer. 


American Megatrends, Inc.: 6145-F Northbelt Parkway, Norcross GA 3007! 
Sales: 1-800-892-6843, Fax: (404) 263-9381, Fax-Back: (404) 246-8787 

UK Office: Crawley, West Sussex - (44) 293-536-365 

France Office: Noisy Le Grand - (33)-1-43042220 

Singapore Office: Singapore - (65) 339-0992 
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Paths to Platform Independence 


Building applications that run on the Mac, under Windows, in the 
Workplace Shell, and on the X desktop—from a single set of sources 


STEVE APIKI 


ortability tools won't forever set- 

tle the rivalry among the major 

computing platforms. Debates 
will continue to rage over whether the 
Macintosh is really easier to use than Win- 
dows, on the merits of Unix compared to 
Windows NT, or on the future of OS/2. 
But if you're a developer building appli- 
cations using a multiplatform toolkit, you 
won't have to continue to bet your liveli- 
hood on the outcome. 

Multiplatform toolkits provide an API 
and a set of libraries that allow you to de- 
velop an application one step removed 
from the underlying operating system. АП 
four toolkits I'll review here provide these 
libraries for Windows, the Mac, X/Motif, 
and OS/2 Presentation Manager; some 
support many more platforms. When you 
build your application on top of the footing 
provided by these tools instead of directly 
on the underlying GUI, your software can 
run in a more-or-less native manner on 
whatever platforms the toolkit supports. 


Common Groundwork 

Fundamentally, all GUIs share a common 
groundwork: Whether you are running on 
a Mac or on OS/2, there are always ele- 
ments like windows and dialog boxes. And 
all native GUI APIs provide ways to con- 
tro] these elements, as well as provide 
methods for handling other graphical en- 
tities like icons and bit maps. So all these 
toolkits must, at the very least, abstract 
these capabilities. But there are also fun- 
damental differences among GUI operat- 
ing systems, such as differences in file 
structure and platform-specific features 
like the Windows MDI (Multiple Docu- 
ment Interface) or the Mac's single-sys- 
tem menu bar. Effective abstraction means 
providing a single API that allows an ap- 
plication to act differently on each plat- 
form, to look and act the way you expect 
native applications to look and act. 

I used each of these toolkits to build the 
guts of an application I’ve been wanting to 
write for some time, a simple spreadsheet- 
like tool that handles text formatting for 
tables. These packages really are toolkits— 
besides the library itself, each product (ex- 
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Programming with C++/Views Ehe Resserce Eda Menu Yyindew 

means working within a complete ураа ТЕЕ 

development environment, based on [RET ыт E — 

a C++ class browser. C++/Views Саа — — B5 
3.0 is much more sophisticated ew س‎ 
than the last verslon (2.1), with a f 
resource editor for persistent s zl ce Ro 
objects and much better class 3 t 
navigation. However, it's currently 

only available on Windows. 
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WNDX is a superset API that 
provides full GUI object support 
and even lets you choose an 
interface style that's 
independent of the host 
environment (if you'd like). 
However, WNDX's OPUS (shown 
here) lacks many of the layont 
features that a resource editor 
requires. 
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or with Windows. 
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= i - = Although it looks like the other 
applications design tools 
presented in this collection, Zinc 
Designer is not a code generator 
in the conventional sense. 
Instead, it's a tool for editing 
objects inside Zinc's persistent 
object database, one of which 
you ship with every application 
you build with Zinc. 


C wor JUSTIFY CENTER 


(5. mur умш — 5  ) [wor gusty шен! 
[не — 0 | 


L. 2n panpa 
вт Stesssesde hence 
sae = = 

"uppepNESTZEDP n ы 


cept C++/Views 2.1) provides a tool for 
building applications elements (e.g., menus 
and dialog boxes) graphically and for 
hooking code to these graphical elements. 
I built the graphical structure of the table 
editor using the resource editor or proto- 
typer each development environment pro- 
vides. After doing the initial development 
under Windows, I ported the applications 
to the Mac, OS/2, and X/Motif (OSF/Mo- 
tif from Integrated Computer Solutions 
running on Solaris 2.1). 

I found that each of them will serve: All 
of them let you build real GUI applica- 
tions with fairly sophisticated features and 
let you take an application across plat- 
forms with only a few tweaks. The differ- 
ence is where each package chooses to 
make the trade-off between the ease with 
which you can get to that final port and 
the level of platform-specific customization 
you can provide when you're through. 


| C-i---/ Views 


Kum 


Outstanding devel 

a SmaliTalk-like browser м ! 

* Simple programming model provides full GUI 
coverage and includes non-GUI objects 

* Closed system makes it more difficult to migrate 
existing projects or manage projects with 


multiple programmers 


iant Software’s C++/ Views is a high- 

level, strongly object-oriented mul- 
tiplatform toolkit. Its dazzling array of 
classes abstract not only the underlying 
GUI but also the entire framework of an 
application, from classes that represent ob- 
jects as real as buttons and windows to 
those that represent abstractions like col- 
lections and sets. 

C++/Views is like SmallTalk both in 
its set of classes and in the way it lets you 
design your applications. You work with 
C++/Views through a class browser. The 


browser presents C++/Views’ entire class 
hierarchy in a window; you build your ap- 
plication by choosing appropriate classes 
out of the hierarchy and deriving appro- 
priate classes from them. 

I built the table editor as an MDI appli- 
cation (C++/Views supports MDI func- 
tions on all supported platforms) by de- 
riving my main window from C++/Views’ 
MDI-application class. When you derive a 
class, C++/Views creates new C++ source 
and header files in the background. It pre- 
sents class members in another window 
and lets you view headers or edit member 
functions in a third. During the entire ap- 
plication-building process, you never see 
an entire source file; your view on the proj- 
ect is always through the browser’s class 
Orientation. The result is a much clearer 
view of the overall structure of your ap- 
plication, and it’s easier to focus on the 
design of the application, rather than the 
drudgery of keeping track of C++ source 
and header files. 

The high-level classes in C++/Views 
can mask the structure of the underlying 
GUI. Although there is an event class for 
handling system-specific events, I never 
had to worry about these low-level events 
when building the table editor. Instead, I 
just built member functions like paint () 
and mouseDn () to override the default 
members of the window class from which 
I derived my view window and responded 
to those events inside those functions. 

Despite its high level of abstraction, 
C++/Views makes concessions to more 
procedural techniques when it makes 
sense. To open a standard file status dialog 
box, for example, you call a static member 
function of the file status dialog box class, 
which simply constructs a modal file dia- 
log box and returns when the dialog box is 
complete. 

C++/Views is currently shipping in two 
distinct versions: 2.1 and 3.0. The differ- 
ences between the two are significant 
enough to have an impact on the way you 
build your applications. Version 2.1 total- 
ly lacks resources; you have to build 
menus, dialog boxes, and other objects 
that are usually built from resource tem- 
plates from scratch, programmatically. Al- 
though C++/Views provides classes (e.g., 
dialog box and menu-handling classes) 
that reduce some of the work involved, 
this is still a serious lack. 

Version 3.0 fixes this problem (and goes 
well beyond) by adding persistent object 
storage, which not only gives you a mech- 
anism for storing these menu and dialog 
box objects but also gives you a reposito- 


ry for objects of your own design. 

Version 3.0 also adds a nicer browser 
interface (e.g., adding the capability to find 
a class, rather than searching the hierar- 
chy as you must do in 2.1) and a resource 
editor. Unfortunately, version 3.0 was only 
available on the Windows platform as this 
article went to press, so it wasn’t very use- 
ful as a cross-platform tool. Liant plans to 
ship Mac, Presentation Manager, and Mo- 
tif versions by the beginning of this year. 

Even in version 2.1, C++/Views is a 
great environment; almost good enough 
to choose regardless of its multiple-plat- 
form support. It was the most immediate- 
ly productive toolkit in this review. But 
even though it is excellent for single-user 
projects, C++/Views abstraction of the 
collection of source files makes it diffi- 
cult to coordinate work among several pro- 
grammers on a single set of sources and 
to migrate an existing set of C++ sources 
into the environment (although it has an 
import utility). 

Some minor pieces are missing (e.g., the 
ability to add bit maps to menus) and some 
extra strengths (e.g., great handling of fonts 
and text). I found C++/Views an out- 
standing tool, but ultimately, your reaction 
to C++/Views will depend on whether 
you're willing to work at a considerable 
distance from the underlying native GUI 
for the gain in simplicity of design. 


* Can create GUI styles independent of host 
environment | 

e Some native features hard to reach 

* Comprehensive set of GUI elements 


Ww most multiplatform libraries, 
the underlying interface is ab- 
stracted into elements like the screen, win- 


dows, and controls. As a programmer, you 
don’t know whether or not the scroll bar 
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that’s sending you messages is a Windows- 
style scroll bar attached to the window 
frame or a Motif-style proportional scroll 
bar. WNDX takes a different approach by 
emulating non-native window elements 
on all the platforms it supports—if you 
want to work with a Motif-style interface, 
WNDX will create it for you even if you 
are on Microsoft Windows. This is a slick 
feature, and it works well, but unless you 
want an application that will look and feel 
exactly the same on Motif as it does under 
Windows, you are probably better off 
sticking with native controls, which 
WNDX also supports. 

Ironically, although WNDX can add 
non-native behavior, it's difficult to get to 
some native functions. For the table editor, 
I wanted a view window with horizontal 
and vertical scroll bars attached to the win- 
dow frame, an interface feature that both 
the Mac and Windows support directly. 
However, there is no style that lets you do 
this under WNDX, and I ended up having 
to float scroll bars near the edge of the 
window to emulate this behavior in my 
program. Since I couldn't get system scroll 
bar widths on the WNDX for Mac beta 
version I tested (a shortcoming WNDX 
says will be addressed shortly), the scroll 
bars I tried to draw in the usual scroll bar 
area didn't quite fit or look like Mac scroll 
bars. 

In addition, WNDX's full customiza- 
Поп extends to icons; therefore, it pro- 
vides a set of icons to which you can refer 
inside the library (other resource template 
information is stored in an ASCII file that 
ships with your completed application). 
The icons can look a little out of place, 
for example, in a Windows MDI window. 
If you want to add native icons, you have 
to tack them on in a platform-dependent 
manner. 

The positive side to customization is a 
rich set of built-in windows objects, like 
2-D lists that work almost exactly like 
Macintosh lists. [ couldn't use lists as a 
base for the table editor because I wanted 
a grid that appeared to be infinite; how- 
ever, the WNDX list supports almost every 
other behavior I wanted for the table editor 
and would be good for simple spread- 
sheets. 

In the design of the WNDX library, al- 
most all Window behaviors are controlled 
through attributes. WNDX elements have 
some degree of object orientation: WNDX 
elements that share common attributes are 
plug-compatible since you get and set all 
attributes through a common interface. But 
I found working within this framework a 
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little disorienting for two reasons: First, 
because the attribute list is so large, it's 
hard to find the attribute you want to set 
when you aren't an experienced WNDX 
programmer, and second, I found it un- 
natural to initiate what I would think of as 
an action (e.g., moving a window) by set- 
ting an object's position attribute. How- 
ever, the WNDX API is large, and in ad- 
dition to handling every GUI event, there 
are many cover functions (e.g., WND_ 
Move ()) that mask the attribute setting 
calls. Once you get a handle on the API, 
programming WNDX is straightforward. 
The main() function handles and dis- 
patches events to other parts of the sys- 
tem; you trap those events through call- 
backs and then you respond. 

You can create resources and set up 
callbacks using WNDX's OPUS proto- 
typing tool. OPUS was probably the weak- 
est prototyper among those provided with 
these libraries. There's little layout support 
in dialog boxes (i.e., no alignment or spac- 
ing capability), and OPUS doesn't build 
make files for its projects. You have to 


run an external mkmake utility that builds 


a simple make file from the sources them- 
selves. 


* Complete platform coverage and the most 
well-supported API 

* Uses native resources built from common 
scripts 

* API familiar to Mac and Windows programmers 


VT Software's XVT doesn't real- 

ly have any razzle-dazzle fea- 
tures—no object orientation, no low-lev- 
el customization, and no emulation of 
non-native controls. But it has what I'd 
consider most important: an obvious and 
comprehensive API, a great design tool, 


and third-party support that the other 


products don't approach. 

If you're already familiar with Mac or 
Windows programming, you probably 
won't find a more comfortable API than 
ХУТ". The programming model of X VT 
is close to that of the Mac, and I was able 
to transition more easily to XVT from full- 
time Windows programming in C than to 
any other cross-platform tool. 

XVT's resource handling is also the 
simplest; you build resource templates for 
ХУТ" resource format using a simple re- 
source description language, or by using 
the design tool, XVT-Design. Once a re- 
source is built, you use CURL (XVT’s re- 
source compiler) to build a native binary 
format that gets attached to the executable 
file. XVT's greatest shortcoming in re- 
source handling is a lack of support for 
bit-map formats that can move between 
platforms; an upcoming release of XVT 
should address that problem. 

XVT-Design is an easy-to-use resource 
editor and prototyping tool that builds en- 
tire projects, including URL (Universal 
Resource Language) files (for resource 
compilation by CURL), source files, and 
make files. You can attach common event 
handlers like XVT standard dialog box 
functions directly within XVT-Design, and 
you can also type entire procedures di- 
rectly into the editor, although I found it 
easier to edit templates later in a more stan- 
dard fashion. 

XVT-Design can automatically include 
File, Edit, and other standard menus in 
your resource file. XVT-Design also has a 
built-in Font menu that goes nicely with 
ХУТ" transparent handling of system- 
independent fonts. 

Besides fonts, XVT also handles help 
information in a portable, standardized 
way. However, the format of the help file 
is rudimentary (it handles only one level of 
help, and there's no real index), so you 
may be better off skipping this standard 
feature. 

Most cross-platform toolkits don't ab- 
stract memory handling very well, so mov- 
ing between a 32-bit flat model to a seg- 
mented pointer architecture can be messy. 
If you know you are going to need large 
memory objects (as I'd like to be able to 
handle for the table editor), you can use 
XVT's global allocation functions to get 
handles to memory that can extend past 
64 KB. This is slow under 16-bit Win- 
dows, but the protection from faults when 
moving from platform to platform is worth 
the trouble for a few large objects. 

Had XVT Software released its prom- 
ised PowerObjects custom controls in time 


“You asked for a powerful and affordable tool to 
develop client/server applications. That’s why 


I developed system Architect 5 5 0.” 


Developers and project teams looking 
for a CASE-based tool for client/server 
application development will find the 
answer in System Architect™ 3.0. This 
latest version of the CASE price/ perfor- 
mance leader includes all the features of 
expensive tools for a fraction of the cost. 

To quote CASE Trends Magazine: 
“Popkin Software and Systems have 
delivered on their promises, by offering 
inexpensive, easy-to-use products that 
deliver results.” 


System Architect 3.0. 


SA 3.0 simplifies the development of f 
client/server applications by supporting 
multiple methodologies including 

Information Engineering, Gane & Sarson, 
Yourdon, IDEE OOA&D, SSADM IV, 
Shlaer/Mellor, and Ward & Mellor. It also 
features an integrated data repository you 
can customize. And it runs under MS M 
Windows? or IBM's OS/2 PM? 


Flexibility Апа Functionality. 
The ideal combination of flexibility and functionality has made SA the 
undisputed price/performance leader. As the needs of developers have 
atm changed, so has the scope of SAS features and options: 


ree SA Screen Painter: Allows repository-based development 


of GUI screens and menus or 
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Put Your Project Team In A Class Of Its Own. 


System Architect 3.0 makes your project team more productive 
because it lets your users really work together. It does this with a range 
of capabilities including: 

Network Version — Allows multiple team members to work concur- 


Micsosor 0 -— ICT OU RENT rently on a project while sharing the SA 

d: Ober Ord Vende 2 А | i Repos itory nnn diagram and data dic- 
ect- erson: ouppo SYSTEM ARCHITECT 3.0 | | попагу records. 

Booch '91 and Coad/Yourdon. | L n | | | Network Security — Allows Project 

SA Reverse Data Engineer: Reverse ине Managers to uniquely identify and classify per- 


engineers SOL databases, including | 
SQL Server, SYBASE, DB2, Informix, | 
and Oracle. Ас» 

SA Schema Generator: Generates DDL | eme 
and SQL triggers from entity models for | 
Oracle, Informix, Ingres, PROGRESS, 
Paradox, dBASE III, DB2, SQL Server, 
SYBASE, and other SQL and 4GL databases. 

SA Project Documentation Facility: 
Enables the automatic generation of deliverables with desktop 
publishing quality from SA Encyclopedia. 


Choose Your Development Environment. 
уа Architect 3.0 as you to ا‎ |, interface with your choice 


of client/server application 
E development environments: 
SA/PowerBuilder Link. 
Allows the exchange of design 
information between SA and 
PowerBuilder for the devel- 
opment of more robust 
| client/server applications. 
i SA/SQL Windows Link. 
ےآ‎ re зз] E] Works with Gupta's SQL 
А Paint GUI screens from data in repository. Windows. 


| srouínEMEMTS | ANALYSIS 


co SA REVERSE DATA ENGINEER 


Salsot WINDOWS LINK 


"v Architect 3.0 covers your development lifecycle with 
a complete range of features and options. 


ao Ep sonnel with appropriate levels of authorization. 
——! Access Control — Allows team members 
to check-out, check-in, or freeze encyclopedia 
objects with defined authorization. 

Version Control — Allows project ency- 
clopedias, and their related files, to be saved 
and stored with appropriate version-identify- 
ing data. (Available in version 3.1) 


Learn More About System Architect 5.0. 


Call us at 1-800-REAL-CASE, ext. 138. Or fax us at 1-212-571-3436. 
Ask how you can qualify for a free 30-day evaluation copy. 
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MULTIPLATFORM TOOLKITS 


A portable development tool has to cover your requirements for platform support. XVT and Zinc have the most complete coverage, but if you 
don't need to handle some of the more exotic platforms, WNDX and C++/Views cover the most popular desktop systems. 


C++/VIEWS 
Platform support Windows, Macintosh, 
X/Motif, OS/2 PM 
Libraries 
Versions reviewed 
Windows | | C++/Views 3.0 
-Macintosh 7 C+Views 2.1 
X/Motif C++/Views 2.1 
082 . CrHVIee 231 . a 
Library source собе provided Included 
Tools 


кошом! шо, 


2c only |‏ سب 


Microsoft C/C++ 8.0, 


X/Motif Sun, HP-UX, SCO 


ose Bota Chlor 052 
aah ae Sa ее жай mi нын Т А. ч ia 
DOS None 
Portable feature support 
Resource/portable data mechanism — Varsion 3.0: persistent objects 
е к Version 2.1: none 
Help 
Strings - No 
Bit maps ; Yes 
Toolbar Yes 
Custom controls № 
Native standard dialog Боев Yes 
Undo support . ..., Yes 
DOS graphics' 
Resolutions supported N/A 
Fonts supported N/A 
Printer support WA 
Third-party tools avaliable Hana 
Technical support | Included 
Pricing! u^ ^' Windows (version 3. 9, vet 
v -: Macintosh: $1499. 
T E? *XIMotif: $1999 
| OS/2 PM: $999 
Plattorm-specific 
Windows 
к... DLLs Yes 
poem No 
OS/2 PM 
Create DLLs Yes 
Drag and drop No 


' No direct support; supported through third-party tools 

? Source for custom controls, style guides, examples, and tutorial 
3 C+ support from Power++, currently prerelease 

* Supported by XVT PowerObjects 
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WNDX T ZINC APPLICATION 
FRAMEWORKS 
Windows, Windows NT, Windows, Windows NT, Windows, Windows NT, 
Macintosh, X/Motlf, OS/2 PM, Macintosh, X/Motif, Macintosh, 
DOS Graphics X/OpenLook, OS/2 PM, X/Motif, Curses, 
Character Interface, OS/2 PM, DOS Text, 
DOS Graphics' DOS Graphics, PenDOS 
WNDX 2.04 for Windows XVTAWin 3.02 Zinc Application Frameworks 3.5 
WNDX 2:04 for Macintosh ^ XVT/Mac 3.02 Zinc Application Frameworks 3.5 
WNDX 2.04 for X/Motif XVT/XM 3.02 Zinc Application Frameworks 3.5 
WNDX 2.04f0r 05/2  . XVT/PM 3.01 Zinc Application Frameworks 3.5 
Partial Optional Included 
а Yes 
Yes Yes 
No 
c GH — Cn 
Microsoft C/C++, Microsoft С/С++ 8.0, Microsoft С/С++, 
Borland C++ 3.1, Borland C++ 3.1 Borland C++ 3.1 
Watcom C/38 9. 5, | | Symantec C/C++ 
Think C 5.0; - Ee ;MPW 32, Think C 6.0 Symanfec C++ 6.0 
| symantec Oe Gar КЫДАТ age aA? 3 U 
ANSI-compliant C ‘Native Compilers. tor Cfront 2.1-compatible 
with prototypes Platforms, GNU C 
| Hela rx oen У Borland C+-for 05/2, Borland C++ for OS/2, 
75 Se | .. BM C/Set ІВМ C/Sel — — 
Microsoft C 6 and d C/C++ 7.0, Microsoft C/C++, 
Borland C++ 3.1 Borland C++ 3.1, 
Symantec C/C++ 
MetaWare High-C 3.0 
ASCII data file Native resources built Persistent objects 
from common scripts 
Windows, Майа, Yes. No 
OS2PMonly. 2 = 
Yes Yes Yes 
“es: No Yes 
Yes Yes Yes 
Yes No Yes 
Yes Nar Yes 
Yes . Yes. No 
Yes Yes No 
No No No 
EGA, VGA, SVGA — CGA, EGA, VGA 
Metagraphics fonts —' Up to 10 bit-mapped fonts 
Some 264 — 
Database tools for Windows, ` Exfensiva support For DOS, 1 
Х/Мон, DOS : METER including graphics tools 
30 days included, then optional Six months included, then optional 60 days included, then optional 
$695 per platom ^" — Workstation platforms: $6300* Engine: $499” 
Ай other platforms; $1950* X/Motif Key: $1499 
OS/2 Key: $299 
PenDOS Key; $299 я 
Windows NT/Win32 Key: $299 
Macintosh Key: price по! set 
Curses Key; price not set 
No Yes No 
Yes No No 
No Yes No 
No Yes No 


* All prices listed include design tools, libraries, and documentation 
* Designer and libraries also sold unbundled 

? Zinc installations require an engine and one key per platform 

N/A = not applicable. 
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ow Do You Know You've Got 


The Right Software Protection? 


Your software protection strategy 
shouldn't be a hit or miss proposi- 
tion. But with so many conflicting 
claims about one vendor's product 
being better than another, we can 
understand why you might want to 
leave it to chance. 

The fact is, what really makes 
one protection scheme better than 
another is the level of security it 
provides. For more than a decade, 
we have been pioneering seam- 
less, reliable security systems for 
your applications and data. 
Software Security's many patents 


are evidence of our continuing 
ingenuity in developing ways of 
protecting your intellectual prop- 
erty. Our latest advances in soft- 
ware distribution, network license 
control, and "metering" are worth 
looking at. 

But that's only part of the story. 
We offer a wide range of developer 
tools including our very highly 
secure AEGIS System™ which 
requires only a few minutes to 
implement. In addition, we under- 
stand the importance of our 
relationship with our customers 


and are fully committed to the 
best developer support program in 
the business. 

If you are serious about protect- 
ing your software, contact 
Software Security and ask for an 
evaluation kit. It contains every- 
thing you need to explore all of 
our outstanding protection meth- 
ods. So call today and see why 
there's a big difference between 
the bull's-eye and the bull. 


SOFTWARE 
SECURITY 


—, 


1011 HIGH RIDGE ROAD STAMFORD, CT 06905 800-841-1316 (In CT: 203-329-8870) Fax: 203-329-7428 BBS: 203-329-7253 
Software Security International Ltd., London: +44-784-430-060 Fax: +44-784-430-050 
* SSI Belarus, Minsk: +(7) 0172-45-21-03 Fax: +(7) 0172-45-31-61 
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ALAS Roundup 


for this evaluation, I would have based ту 
table on a spreadsheet PowerObject. As it 
was, І ended up building a more limited 
table in my own code. 

Where XVT falls shortest versus C++/ 
Views and Zinc is in customization. The 
C++-based systems, both of which pro- 
vide source code, are readily customized, 
while XVT's C-based library is not. As I 
wrote this review, XVT Software was 
nearing release of Ромег++, its C++ prod- 
uct. Power++, unlike XVT-++- (XVT's ear- 
lier C++ product), is a high-level appli- 
cation framework that will eventually 
form a foundation for PowerObjects. It 
won't yet bring ХУТ into the highly ab- 
stracted realms occupied by C++/Views 
and Zinc Application Frameworks. 

Nevertheless, XVT today is the most 
straightforward and stable path between 
Windows and Mac programming and pro- 
gramming to an abstract GUI. Pending im- 
provements like portable bit maps and 
PowerObjects will make XVT an even 
stronger contender. 


linc Application Frameworks 


ә Totally flexible and configurable framework 
* Event-centered class model is complex and 


difficult to learn 
* Excellent collection of window objects for input 


ke oth Zinc and C++/Views are based 
on С++, but the similarities end right 
about there. While C++/Views takes a very 
high-level, abstract view of the problem 
domain, Zinc uses the benefits of C++ to 
provide powerful customization features 
and an extensible, extremely flexible API. 

Zinc abstracts low-level features such 
as devices, window objects, and events; it 
does not abstract event handling for every 
window object. In fact, direct handling of 
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events are the model in Zinc—you han- 
dle system events, logical events sent by 
Zinc, and even use events sent through the 
event queue to communicate with other 
objects inside your program. 

This abstraction of features like events 
and devices makes handling custom be- 
haviors on different platforms easy; you 
can get a logical event from the system 
that tells you to redisplay a window, or 
you can translate the actual WM. PAINT 
message that it represents when you're 
running on Microsoft Windows. You can 
build a single executable file that can han- 
dle DOS graphics and DOS text simply 
by setting the appropriate virtual display; 
all the other code in your system remains 
intact. 

It's not all low-level. Zinc does provide 
powerful, high-level classes like toolbars, 
and a systemwide help system that allows 
you to maintain context-sensiti ve help just 
by assigning help contexts to objects. Zinc 
also has the most complete collection of in- 
put objects, like formatted strings and oth- 
er windows objects that can verify entry. 
And Zinc's window objects are true ob- 
jects, so they connect together as easily as 
Lego blocks. For example, you can build a 
scrolling list box with text objects, then 
use the same code to present a list box that 
includes bit maps. You just have to hand 
bit-map objects to the list box instead. 

One of Zinc's most powerful features 
is its object repository, which stores re- 
source-type and other objects in a persis- 
tent object database. The Zinc Designer, 
Zinc's analog to a resource editor, actual- 
ly instantiates these objects as you work in- 
teractively with the design. The database is 
hierarchical, which lets you store multiple, 
linked copies of objects, say one menu ob- 
ject in English and another in Spanish, for 
later retrieval. In upcoming 
releases, Zinc plans to add 
unicode support to accom- 
modate double-byte lan- 


Шап Software 
EUages. (C++/Views) 
Unfortunately, all this | 959 Concord St. 
flexibility gives Zinc a steep Framingham, MA 01701 


learning curve. It’s always 
hard to find the handle on 
C++ application frame- 
works, because it takes 
some time to know where 
you should look for the en- 
try point in a class hierar- 
chy. C++/Views addresses 
this to some extent with the 
browser, but there is no 
similar feature in Zinc. 

I got most of my sample 


(WNDX) 


Suite 305 


(800) 237-4873 

(508) 872-8700 

fax: (508) 626-2221 
Circle 976 on Inquiry Card. 


The WNDX Corp. 
1550 Bth St. SW, 


Calgary, Alberta, 

Canada T2R 1K1 

(403) 244-0995 

fax: (403) 244-1030 
Circle 977 on inquiry Card. 


application done using Zinc, but I confess 
that I never knew whether I was using the 
best design to handle a problem or whether 
I'd used the right class or done things the 
easiest or most efficient way. Keeping 
track of events and grappling with the class 
hierarchy was a daunting task. If you have 
the time to learn it well, Zinc is potential- 
ly the most powerful package in this col- 
lection; however, don't expect to become 
skilled at Zinc programming quickly. 


Cross-Platform Picks 

Choosing a cross-platform development 
environment is not a trivial undertaking. 
Once you've made the choice, you will 
have to commit a great deal of develop- 
ment effort to building code that is com- 
pletely dependent on the toolkit and the 
toolkit's future. But that investment is 
made worthwhile by the elimination of 
learning new native APIs and by the ef- 
fort saved in not having to maintain mul- 
tiple code bases. 

The payoff to this investment makes 
learning even a complex package like Zinc 
potentially worthwhile. Or, if you're look- 
ing to С++ to provide an elegant, design- 
focused development model, C++/Views 
would be an excellent choice. But I' m go- 
ing to finish only one version of my table 
editor, and I'm going to do it in XVT. 
ХУТ” simple API, strong tools, and strong 
industry-support guarantee that the time 
and money invested in shifting to a plat- 
form-independent GUI will pay off in re- 
duced effort down the road. Ш 


Steve Apiki is senior developer at Appropriate So- 
lutions, Inc., a Peterborough, New Hampshire- 
based consulting firm specializing in cross-plat- 
form development. He is also a BYTE contributing 
editor. You can reach him on the Internet or BIX at 
apiki@ bix.com. 


About the Companies 


XVT Software, Inc. 
(XVT) 

4900 Pearl East Circle 
Boulder, CO 80301 
(800) 678-7988 

(303) 443-4223 

fax: (303) 443-0969 
Circle 978 on Inquiry Card. 


Zinc Software, Inc. 

(Zinc Application Frameworks) 
405 South 100 E 

Pleasant Grove, UT 84062 
(800) 638-8665 

(801) 785-8900 

fax: (801) 785-8996 

Circle 979 on Inquiry Card. 
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Орешп» Night for Premiere 3.0 


if you've got the hardware to handle it, the newest version of Adobe 
Premiere delivers powerful tools for multimedia productions 


= Project: untitled 2 ESSEESSESESEE Transitions 
Comment | Center Merge 


Label 1 

i BM Bunions (1Î Lecture on bunion | Shot 1: Shoe Shot 2:Speaker h |O image A splits into 4 parts and stides 
dobe Premiere Чут with pelater Niort d to the center to reveal image B. 
was а landmark Б uration: 0:00:20:00 Center Peel 


program when И Squeezebon Sing... (11 German folk singers | Juxtapose with | + ч deduci image "Aa ; 
1 - 1 Movie hornblowers 
it came out in December BEES Lue. 0:00:07:12 B Center Split 

— к G 1 Image A splits into 4 parts and slides 
1992. As one of the first BA Swiss Hornblowers (1| Pick up at 723 for. | Cut narration Splice two sequences to the corners to reveal image В. 
video creation and editing =e 
tools for the Macintosh, it 
introduced a whole new 


audience to the possibili- 


BOB LINDSTROM 


Channel Map 
Selected Channels from images A and 


ui Movie 
eed Duration: 0:90:12:11 


of musto * 
= Talking Doll (11 Remove little girl | “I do love you Doll ring in back AER Bare mapped to the output. 
БО Movie voice. Use only doll | mommy" HRT CheckerBoard 
КО Duration: 0:00:06:02 voice I | Two sets of alternating boxes wipe to 


- : JJ Topless Puppet 5... (11 Punch entrance Women in bathing - reveal Sage B uncer Image А. 
ties of desktop video and Morte marked at 4:10 caps and puppet A Clock ‘Wipe тии 
helped boost the legitima- Eff Duration: 0:0:120! ме اسا‎ nl ag 
cy of Apple’s QuickTime gee Cross Dissolve 


video standard. Pp ear ee 


Premiere’s greatest 
strength has always been 
its intuitive interface. Video 
editors can place graphics, 


2 Yoga 3 U | Cut first shot, Two exercise shots 
i Ка Movie eliminate rough 
fees Duration: 0:00:06:13 narration at end х 


Cross Stretch 
image B stretches from an edge as 
image A shrinks. 


Cross Zoom 
image А zooms in, then image B zoornd 
out. 


EN Construction Window == 


es 


animations, digital video, and dig- | : y Cube Spin 

F E J X ate E 7 -— dim ET T " z : ғ == : z 1 А spins 10 1 в, 

ital audio onto rows of independent Ee | ттт тарт ЫЕ тй ses tank th ert | 
tracks. Premiere then assembles the М Ee -g СДА сара, Curtain. ыі 


tracks into an integrated video production, 
complete with transitions and special ef- 
fects. It is an ideal tool for producing in- 
expensive multimedia presentations and 
training videos, but it also works effec- 
tively as an off-line video editor that mocks жа ‚ | ——— ) — س‎ 
up a final cut in digital form and then gen- Е ЕЕЕ“ =| ЭЭЛ. 

erates an EDL (edit decision list) to take to — - - — EE 2 > 

a professional studio, No matter which 
way you use Premiere, version 3.0 will 
have you producing digital video faster, 
more efficiently, and more creatively than 
ever before. 

While some Premiere enthusiasts 
may be disappointed that this en- 
hancement is not overflowing with 
major new features, others will ad- 
mire the streamlined interface, the 
improved performance and image 
quality, and a few brand-new good- 
ies that make a very good product 
even better. 


9224444 ee ааа Vio ee eet hie ROLA PLO PR 


m C E RRP RE OE REA GC CE DV EC: 
The Way It Works ТАТРЕ — mc 
Using the familiar multitrack audio/ ~ 
video interface that is fast becoming the — 9 In creating a Premiere movie, you start by assembling video, audio, and graphics in the Project Window. 

: ; : _ . Ө You then drag-and-drop clips onto a track in the Construction Window. Note the time line across the top of the 
standard for multimedia presentation soft- — |i, Premiere saves the SMPTE time code that Identifies the clip. © You select special transition effects from 
ware, Premiere lets you mix several au- the Transitions screen and place them on an effects track of the Construction Window. © From the Audio Clip 
dio tracks and cut between two digital Editing Window, you can edit a sound file ма 3s v A >ы onto an oe nivem eire е e P 

: ash в digital audio tracks Into a single soundtrack. © Gradient- es are created ndow and a 
video/graphics tracks in the style of an the Superimpose track. You can preview your work before committing it to tape or disk. When you're finished, 
analog A/B Roll videotape-editing system Premiere assembles all the elements Into an integrated digital movie or generates an EDL in one of several 
(i.e., two players feeding into a single ^ common formats. 
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Opening Night for Premiere 3.0 


& File Edit Project Make Clip Windows 
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Adobe Premiere 3.0 provides up to 99 video and 99 audio tracks for placing and synchronizing 
video, audio, graphics, and text in elaborate QuickTime movies. 


recorder). Not only сап you process the 
basic video quality of the images, but you 
can also apply elaborate transitions and 
manipulation operations (e.g., fades, blurs, 
wipes, distortion, zooms, posterization, 
and tumbles) to video tracks. You can even 
combine effects to create mind-boggling 
special effects or superimpose titles and 
graphics. Premiere compiles the results 
into a digital movie, either in QuickTime 
or, when enhanced by a Premiere Plug-In 
extension, in some other digital video com- 
pression format. 

Creating a video is as easy as creating a 
Project window that contains your raw au- 
dio, video, and other materials, each rep- 
resented by a small icon or thumbnail rep- 
resentation. To place the clip in the video, 
you drag its icon onto an audio/video track 
and position it within the time line. 

You can get a relatively quick Preview 
of the movie, or you can send the Mac off 
into number-crunching land for several 
minutes and output a completed movie to 
a digital file or videotape. Generating even 
a relatively brief QuickTime movie with 
extensive effects, however, will take 15 
to 30 minutes or more, even on a fast Mac. 

Premiere’s digital video muscle has 
made it a top-of-the-line QuickTime movie 
creator. However, when used with a pro- 
fessional computer-controlled videotape 
deck, Premiere can also function as an off- 
line video-editing system. 

From within Premiere, you can control 
your tape transport and save digital video 
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clips with an internal capture board, Pre- 
miere remembers and saves the SMPTE 
time code that identifies the clip. When 
you’ ve finished assembling your audio/ 
video materials, titles, and transitions in 
Premiere’s multitrack Construction win- 
dow, the program automatically generates 
an EDL in one of several common for- 
mats, including Sony BVE, Grass Valley, 
CMX 3400, or any format supported by a 
Premiere Plug-In extension. 

The admission cost for all this video 
magic is a relatively powerful Macintosh 
system. Premiere 3.0 requires a Mac with 
a 68040 processor, 4 MB of free RAM (6 
to 20 MB is recommended), an 80- 
MB or larger hard drive, rend 
6.0.7 or higher, Quick- 
Time 1.6 or higher, and === 
32-bit QuickDraw 1.2 TTE = 
or higher. 

The list price for Pre- 
miere 3.0 is $695. A 
CD-ROM-based de- Ẹ 
luxe edition is $795; it 
includes QuickTime tu- 
torials, Adobe Acrobat 
Reader software, video clips, and Adobe’s 
Type On Call font CD-ROM. Current Pre- 
miere owners can upgrade to the floppy 
disk version for $179 or the CD-ROM ver- 
sion for $249. 


Even More Tracks 
With version 3.0, Premiere wizards will 
be able to develop enormous projects. The 


You can proof digital clips 

є. and transitional effects, like 
the center peel effect shown here, In 
Premiere’s preview window. 


program now includes up to 99 audio 
tracks and 99 video tracks. 

The gain on each audio track can be 
controlled separately for refining the mix. 
When you create a movie, Premiere com- 
bines all the digital audio tracks into a sin- 
gle soundtrack, The miracle of digital 
sound mixing is very apparent: The audi- 
ble results are clean and noise-free, even 
when a dozen tracks are being mixed to- 
gether. While few users will exhaust all 
these audio resources, the additional tracks 
let Premiere produce unusually complex, 
layered soundtracks. | 

Similarly, the additional video tracks, 
actually added as Superimpose tracks, pro- 
vide the power to concoct extensive visual 
overlays, animations, titles, and other 
tricks, each with individually controlled 
motion paths, display transparency levels, 
and video filters. More video tracks add 
up to increased flexibility when designing 
Chromakey-like mattes. 

Another new feature, the virtual clip, 
exploits the abundance of video tracks. 
Any multitrack segment can be defined as 
a virtual clip and subjected to as many as 
eight levels of processing and transition 
effects. You could, for example, define a 
dissolve between two video segments as a 
virtual clip, add a motion setting to that 
clip, and then wipe from the dissolving 
clips to a third clip. The virtual clip takes 
Premiere 3.0 a quantum leap forward in 
producing intricate video effects. 


Better Video 

Even if you aren't prepared to challenge 
MTV with a virtual-clip crazy quilt, the 
new tools and features in Premiere 3.0 can 
improve the fundamental video quality of 
all your work. When you 
are using a QuickTime- 
compatible video-capture 
board to store digital video 
from within Premiere, the 
video Waveform Monitor 
and Vector Scope contain 
new tools to fine-tune the 
quality of your capture. 

A lineup of on-screen 
sliders gives you the usu- 
al controls over hue, color 
saturation, brightness, contrast, sharpness, 
black level, and white level. The Wave- 
form Monitor charts the luminance and 
color saturation. The Vector Scope shows 
the hue and saturation levels. The best way 
to exploit these new tools is to play back a 
color-bar pattern from your input source 
and then adjust the sliders to maximize 
the quality of your source video capture, 


The best sound is not in the cards. 


PORTABLE, „ла, 


vE Perk up your 

ІТ presentations. Make 
training more effective. 
| And, put some guts 
into your gaming 
pastimes. Anytime. 
Anywhere. In fact, if you 

———= are nota card carrying 
nember of the computer set, you have to hear 
'ORT-ABLE Sound Plus from DSP Solutions. 
‘ou know, those real smart people who make 
imple sound solutions. 

PORTABLE Sound Plus is the first portable 
xternal sound peripheral to deliver 16 Bit CD 
juality music with stereo audio capabilities. 
ind, since you just plug into your IBM PC or 
;ompatible, desktop or laptop parallel port, you 
io not need an engineering degree or even a 
crewdriver. 

When you compare 
"ORT-ABLE Sound Plus to 
iny other external sound 
yeripherals, you will see 
vhy anything else is just 
10ise. PORTABLE Sound 
lus is based on advanced 
Jigital Signal Processing 
echnology, so you 
vill enjoy the greatest 


compression capability with the highest quality 
sounds. Here is something else that will be music 
to your ears. PORTABLE Sound Plus comes 
complete with everything you need including a 
high fidelity speaker and buill-in microphone. 
There is an "Audio-in" for a CD or tape player 
and a "Line-out" for external powered stereo 
speakers. Even a built-in smart parallel port pass 
through so you can keep printing. 

Whether you take your work across the hall 
or across the country, with PORTABLE Sound 
Plus, you have all the cards you need to play 
right in your hip pocket. The hinged design lets 
you flip up the unit if you are short on desk space 
or lap space. And, the power will always be with 
you whether you use rechargeable or non- 
rechargeable AA batteries. PORI-ABLE Sound 
Plus also comes equipped with an AC/DC power 
Converter. 

А$ a bonus, you will get 
all the software you need to 
communicate. Like Lotus 
Sound" an OLE server for 
Windows 3.1. WinReader for 
Windows 3.1, a handy text- 
to-speech utility. DSP Solution's 
DOSTalk and DOSReader 
text-to-speech applications. 
Show & Tell For Kids" for 


PORTABLE Sound Plus is a trademark of OSP Solutions, Inc. All other product 
names are trademarks or registered trademarks of theit respective owners. 
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Windows — an easy to use MultiMedia Authoring 
program. It is also Sound Blaster and AdLib 
compatible. 

Why compromise on quality, portability, 
compatibility or affordability? When all the cards 
are on the table, PORT-ABLE Sound Plus from 
DSP Solutions is your ace in the hole. Suggested 
fetail is only $198.95. 


To order or obtain more information about 
PORT-ABLE Sound Plus, write or call DSP 
Solutions, or, contact your local dealer. 


Sales Office: 550 Main Street, Suite J, Placerville, 
California 95667. Telephone: (916) 621-1787. 
Fax (916) 621-2093. 


[И Opening Night for Premiere 3.0 


just as if you were using analog instru- 
ments in a video studio. If you lack the 
color-bar display, a Source Video preview 
window lets you make adjustments to 
please your eyes. 

Veteran Premiere users may also notice 
an improvement in the quality of transi- 
tions and motion effects. The program is 
now able to apply subpixel motion (down 
to ‘hss pixel) and field rendering to all ef- 
fects to guarantee the smoothest possible 
movement with no image breakup. Even 
convoluted digital effects can now be ex- 
ecuted, with polished results that are wor- 
thy of an expensive, professional video 
generator. 


Making Noise 
In addition to those plentiful audio tracks, 
Adobe has also whipped into shape its edit- 
ing support for digital audio by increas- 
ing markers, improving the editing dis- 
play, and adding full support for Apple's 
Sound Manager. 

Up to 1000 markers can be accurately 
placed within audio clips to provide video 
sync reference points. When positioning 
video in the tracks of the Construction 
Window, you can “snap” the clip to these 
audio markers. 

There's no need to guess where a par- 
ticular part of a sound sample begins. The 
upgraded sample-editing display lets you 
view samples in displays as large as half a 
screen and at a variety of zoom levels. 
From within Premiere you can get right 
down to individual audio cycles for those 
delicate cut-and-paste operations. 

Like its audio abilities, Premiere's Ti- 
tling capability gets significant attention 
in version 3.0. Several new effects are 
available, including gradient fills that can 
be applied to all objects from simple titles 
to shadows. You can even add a gradient to 
an alpha channel mask; this allows you to 
superimpose one image on top of another 
with varying levels of transparency across 
the image surface. 

Other new effects in- 
clude title drop shadows, 
optional antialiased "soft" 
shadows, and polygons. 
When designing titles, you 
can now drag a visual clip 
into the Title window to 
see how your creation 
looks against its intended 
background. Title devel- 
opment also benefits from 
an increased refinement in 
transparency settings and 
expanded "key" capabili- 


P.O. Box 7900 
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About the Product 


Adobe Premiere 3.0 


Adobe Systems, Inc. 


1585 Charleston Rd. 


Mountain View, СА 94039 
(800) 833-6687 

(415) 961-4400 

fax: (415) 961-3769 
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ties, including a traveling matte for gen- 
erating moving keys. 


Fine-Tuning the Interface 

А bundle of features have been put into 
version 3.0 to ease the inevitable strain of 
juggling cutting-edge multimedia tech- 
nology. Throughout the product, large and 
small refinements to interface and func- 
tion make Premiere easier to use. 

When you are using a computer-con- 
trolled deck and SMPTE time codes to 
digitize video clips, Premiere has a batch 
digitizing mode. Just identify your clips 
by their SMPTE time codes, and Premiere 
will digitize and save the lot while you 
duck out for a quick, or not-so-quick, bev- 
erage break. 

In past versions of Premiere, you could 
get lost in the morass of preferences and 
variables. With 3.0, you can create pre- 
sets for all program settings and save them 
to disk. For example, you can use one pre- 
set when you're developing for CD-ROM, 
load another for digitizing, and apply still 
another when creating multimedia pre- 
sentations. And you won't have to guess 
whether you covered all the bases: Set it up 
right once, save the preset to disk, and your 
preferences will always be correct. 

Thumbnail images of clips are view- 
able in all windows in a range of user- 
selectable sizes and configurations. Simi- 
larly, click-and-drag operations are more 
convenient because you can now select 
multiple items and drag them together. 
More important, however, the Preview 
function has been accelerated and ex- 
panded. You'll find yourself spending less 
time staring unproductively at the Mac 
while waiting to see the test results from 
your latest digital edit. 

If you are working on only one segment 
of a movie, you can update the portion of 
the preview that has been altered without 
touching the rest of the sequence. Previews 
can also be played from disk at full frame 
rates. 

When you ultimately get 
around to the Make Movie 
process, the system creates 
the final product without 
unnecessarily reprocessing 
the effects and transitions. 
Movies that contain no dig- 
ital transitions or effects 
can be processed almost 
immediately. 

While these convenience 
features may not be as at- 
tention-getting as some of 
the other improvements in 


3.0, the time-saving improvements are like 
manna from heaven for Premiere users 
with short deadlines and a tendency to- 
ward impatience. This new version will 
get you to the final product quicker than 
ever. 


Premiere Screening 

So how does it work? Premiere performed 
superlatively using video clips that I cap- 
tured with New Video's high-end Eye-Q 
system, a full-screen, full-motion audio/ 
video capture and compression setup. Fur- 
thermore, it used Eye-Q's QuickTime ac- 
celeration and video display features trans- 
parently, 

My one warning: You need a very pow- 
erful hardware configuration to make the 
most of Premiere. Don’t take the 4-MB 
RAM requirement or even the 6-MB rec- 
ommendation seriously. When I took my 
system down to 8 MB, I experienced fre- 
quent program errors when previewing 
brief video creations. Worse, I also expe- 
rienced several system crashes, including 
one that corrupted the hard drive—all ap- 
parently due to memory shortages. 

Premiere was otherwise bullet-proof, 
performing like a trooper even when I 
threw multiple audio and video tracks at it. 
I was especially impressed with its speed 
and quality when mixing down 10 or more 
audio tracks. Just be sure to have plenty 
of RAM. I'd recommend at least 16 MB. 

Another point that can’t be overstated is 
the need for lots of hard drive storage. The 
Eye-Q board can compress video down to 
9 MB per minute, but even at that, it's not 
going to take long to fill a disk. Trust me— 
after spending a few hours with Premiere, 
those 1-GB hard drives will start to look 
very tempting. 

Finally, generating a few seconds of 
video, mixing several audio tracks, and 
calculating a couple of digital transitions 
took 3 to 4 minutes on my Centris 650. If 
time is an issue (and time is always an is- 
sue), you'll want the fastest Mac you can 
get when running Premiere. 

But if you have the hardware and stor- 
age space to back up its remarkable pow- 
er, Adobe Premiere 3.0 is a masterpiece 
at the cutting edge of multimedia technol- 
ogy. There is enough functionality, flex- 
ibility, and sheer fun here to keep even 
a hypercharged creative mind going for 
years. Ш 


Bob Lindstrom (Eugene, OR) is a nationally syn- 
dicated columnist and composer. He is a former 
creative director for Dynamix. He can be reached 
on BIX c/o "editors." 
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Digital-Media Power 


Silicon Graphics’ new Indy workstation is low on price but high on 
graphics performance, and it works with both Macs and PCs 


BEN SMITH 


of installation. After all, you install a 
workstation once; you run it every 
day. I’m making an exception for the Indy, 
however. In taking a second look at Silicon 
Graphics, Inc.’s new low-cost worksta- 
tion, I found the Indy exceptionally easy to 
set up and use, as well as entertaining. In a 
month of hands-on use and testing, I also 
found it as fast and capable with graph- 
ics, sound, and video as I'd expected. (For 
hardware details on how the [ndy achieves 
its performance, see "Apple, SGI Blaze 
Video Trail," September 1993 BYTE.) 
The fun begins as soon as you open the 
Indy's shipping box. Next to the keyboard 
and mouse, you']] find red, blue, and yel- 
low rubber balls—for juggling—and a 
colorful poster that shows how to assemble 
your system. If you resist an attempt at 
juggling, you can easily have the system up 
and running in under 15 minutes. 


" usually avoid spending words on ease 


Serious Fun 

The system comes with software loaded. 
Press the power button on the front of the 
compact system, and you'll soon find your- 
self on an introductory musical-video tour 
of what SGI and the Indy can do. The 
theme is "serious fun," and the three jug- 
gling balls show up as video icons that 
lead you through a pleasing collage of 
graphics, video, sound, and voice, all forms 
of data that can be used seriously in what 
SGI terms digital-media communications. 

The IRIX log-in screen has icons for 
each user. Beside root, guest, and tu- 
tor are two accounts that will attract your 
attention: EasySetup and OutOfBox. You 
click on EasySetup to give your system a 
name and network address and to set up 
the account for the major user. OutOfBox 
restarts the colorful introductory tour. The 
guest account holds all the demo appli- 
cations; the tutor account gets you up to 
speed with SGI's new Indigo Magic user 
interface and its associated work spaces, 
buttons, windows, and icons. 

The Indy is a new system with a signif- 
icant amount of new hardware and an en- 
tirely new design of the operating-system 
interface. In fact, the operating system is 


different right down to its core. IRIX 5.1 is 
an SGlI-enhanced release of Unix System 
V release 4.1 with all of its capabilities for 
memory-mapped files, dynamic shared li- 
braries, and run-time linking, plus more 
facilities for real-time event handling. 


More for Less 
Compared to the Indigo, SGI's original ven- 
lure into the general-purpose computing 
market, the Indy is visually less cute and 
more practical. From an ergonomical point 
of view, the Indy is even quieter than the 
quiet Indigo, and its compact workstation 
form factor fits the desktop better than the 
Indigo's mini-tower. 
More important, the 
Indy is faster at gen- 
eral computing oper- 
ations while costing 
substantially less than | 
the Indigo it replaces 
in SGI’s workstation | 
line. 
Even more so than | 
with the Indigo, SGI | 
has priced the Indy | 
for commonplace 
computing—desktop | 
publishing, comput- | 
er-based communi- 
cations, database ac- | 
cess, and graphical | 
image manipulation. 
Prices start at $4995 
for a diskless work- 
station with 32 MB of 
RAM, 8-bit video, 
and a 15-inch moni- 
tor. The hardware 
emphasis is on 2-D | 
graphics, rather than 
the 3-D graphics per- 
formance that SGI 
built its reputation on. 
The Indy's main 
memory expands to 
256 MB, and there are two bays for mass 
storage devices. Drive options include hard 
drives of up to 1 GB in capacity and a 21- 
MB floptical drive that can read and write 
MS-DOS and Mac 3'/-inch high-density 
disks. The base model comes with an 8-bit 
color display system and a 15-inch moni- 


SGI's new Indy workstation features а $4995 base price, strong 2-D 
graphics, hardware support for audio and video data, and built-in Ethernet. 


tor (1024 by 768 pixels), but you can up- 
grade to 24-bit color and larger monitors 
(up to 19 inches diagonally). 

Besides a keyboard and mouse, a digital 
color camera (IndyCam) and a microphone 
also come standard with the Indy. Other 
standard capabilities include built-in Ether- 
net ports, four-channel stereo, several types 
of video port, and an ISDN connection. 
The system that I evaluated came with the 
24-bit color graphics option, 64 MB of 
RAM, a 1-GB hard drive, and the floptical 
drive, as well as an external CD-ROM 
drive for loading sound, images, and soft- 
ware updates and other licenses. The total 
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hardware list price for this configuration is 
$23,605. 

The Indy gets its performance from a 
Mips R4000 CPU. The R4000 RISC chip 
uses superpipelining and runs internally 
at 100 MHz. I ran BYTE's Unix bench- 
marks as well as our new portable low- 


JANUARY 1994 BYTE 183 


М ore than just a leading multi-platform 
system, FirstClass features 
and 


all in 
the same " 
package. E-mail 
BYTE magazine 
says "FirstClass 
blends 
conferencing and 
mail together 
under a remarkably clean interface that 
goes far сүр the capabilities of most 
mail systems .. 


Conferencing 


Remote Access 
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A FirstClass Experience 
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п Macintosh and Windows support on the 
same network or via modem without costly 
file servers 


п Easily accommodate upwards of 20 
simultaneous modem connections and more 
than a hundred network sessions per server 


H Connectivity via network or modem to other 
FirstClass servers or other mail systems 


" Remote or local administration with 
n same client all others use 


n es with multiple fonts, styles 
d colors & unlimited attachments 


n scia multiple file transfers 
п Background searching 


7 Gateways to the Internet with full 
Usenet newsgroup replication 


о Fax gateway for individual or 
broadcast faxing and more! 
DEALER & CONSULTANT 
INQUIRIES WELCOME! 
Circle 137 on Inquiry Card. 


(j| SoftArc Inc. 
Global-Area Communications 


Road. #325, West Seneca, New York, USA, 14224 
6-754-1856 FirstClass: 416-609-2250 Internet: ales(a/softarc com 


Phone: 416-299-4723 
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[ПИЯ Digital-Media Power 


PERFORMANCE RESULTS 

BYTE's benchmark results are indexed. On 
the Unix benchmarks, a Sun SparcStation 
1 running SunSoft 4.3 = 1. The results be- 
low show SGI's Indy to be roughly 6.5 times 
faster overall than the SparcStation. For 
individual low-level portable benchmark 
tests, a 60-MHz Pentium with a 256-KB 
cache, a 64-bit data path, and 24 MB of 
RAM running MS-DOS with a 32-bit DOS 
extender = 1. The results put the Indy at 


roughly 1.5 times faster than the Pentium. 


TEST 


UNIX Benchmarks 

Arithmetic test (double) 8.7 
Dhrystone 2 (w/o register variables) 4.5 
Exec! throughput 5.2 
File copy (30 seconds) 16.2 
Pipe-based context switching 2.2 
Shall scripts (eight concurrent) 2.9 


INDY 


Portable Benchmarks 
Numeric sort 

String sort 

Bitfield operations 
Emulated floating-point 
Simple math 
Transcendental math 


level benchmarks. The Unix benchmarks 
show the Indy to be 6.5 times faster than a 
Sun SparcStation 1 running SunSoft 4.3. 
The low-level benchmarks show the Indy 
to be roughly 1.5 times faster than a 60- 
MHz Pentium with a 256-KB cache, a 64- 
bit data path, and 24 MB of RAM. 

АП SGI systems are source code com- 
patible. Models like the Indy that come 
without high-end graphics processors use 
their CPUs to create effects done in hard- 
ware on the graphics boards of other SGI 
systems. The Indy is not a Reality Engine— 
capable machine (see "Damn the Torpe- 
does!," November 1993 BYTE), so many 
of these effects are done with system soft- 
ware rather than in the hardware. But with 
its R4000 CPU running at 100 MHz, even 
these advanced effects are in reach. 


Beyond the Macintosh 
Despite the hoopla about the advanced dig- 
ital-media communications features of the 
Indy (and Apple's AV Macs), networks that 
support videoconferenc- 
ing and the conferencing 
software are just emerg- 
ing. It will be a year or two 
before those capabilities 
will be an important con- 
sideration. 

The current need for a 
system like the Indy is in 
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Indy (base price) 


Silicon Graphics, Inc. 
2011 North Shoreline Bivd. 


Mountain View, CA 94043 
(800) 800-7441 
(415) 960-1980 
Circle 1078 on Inquiry Card. 


digital-image manipulation, as in prepress 
image computing, where traditional ma- 
chines have been either very expensive or 
computationally inadequate. (If you want 
time to juggle, try manipulating 100-MB 
images on even the most fully configured 
Mac Quadra.) Adobe has ported both Il- 
lustrator and Photoshop to SGI's hardware 
using Quorum’s Latitude porting tools. 
Even without taking advantage of the pix- 
el manipulation-specific operations of the 
SGI, they have achieved at least twice the 
performance as on a Quadra. 

Coupling the Indy's relatively low price 
for high-powered pixel operations with its 
abilities to communicate with DOS and 
Mac machines over Ethernet ports (and 
read DOS and Mac media), Indy is a per- 
fect match for Photoshop, with its tens of 
thousands of graphics and prepress pro- 
fessionals. Optimize Photoshop and its as- 
sociated third-party tools for the Indy, bun- 
dle the two, and you should end up with 
heaven for graphics professionals. 

Users moving onto the Indy from the 
Mac will find the Indy's user interface not 
only similar but superior to the Mac's. Of 
course, you will now be working on a Unix 
workstation, but you'll seldom be aware 
of it, since Unix is so attractively dressed. 
The hidden advantage is that you get real 
multitasking and can connect directly to 
large Unix servers for managing files and 
heavy-duty computing. 


Grievance List 

Playing back video images captured from 
the Indy's digital camera occasionally 
caused a core dump and a hung session. I 
also had problems with some network op- 
erations between the Indy (running IRIX 
5.1) and an older Indigo (running IRIX 
4.03), but none between either machine 
and other Unix workstations. Апа I was 
disappointed that the voice-command soft- 
ware was not yet part of the operating sys- 
tem. By the time you read this, SGI should 
have resolved these problems and shipped 
the developer tool kits as well. 

The power button is on the front panel, 
and while it's easily accessible, it's too 
exposed. Only too often, I accidentally 
brushed against the button and shut down 

the system. Àn interme- 
| Product | diary confirmation, like 
that provided on Next 
computers, would avert 
unwanted shutdowns. As 
it is, one accidental brush 
of the button and you re- 
boot your system, risking 
loss of data in open files. 
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Another element of concem is the lack 
of any S-video or NTSC video-out port. 
While the Indy provides both composite 
video and S-video input ports, you will 
have to purchase an optional GIO-bus 
(graphics I/O) video expansion card at 
$3395 for video ош. 


Digital Media for the Common World 

When you buy an Indy, hard copy docu- 
mentation is an option. You shouldn’t miss 
it, however. While the Indy has the usual 
Unix man pages (and the X Window Sys- 
tem application xman for reading them), 
there's also a complete set of SGI-specif- 
ic documentation in an inviting digital- 
media format (and available with the Help 
button in the user environment). In fact, 
the SGI documentation is the finest ex- 
ample of electronic publishing I’ve seen. 

SGI Insight documents start as Frame- 
Maker files. An SGI-developed program 
takes FrameMaker's MIFF files and pro- 
duces SGML (Standard Generalized Mark- 
up Language) files. Among the SGML 
markup instructions are hypertext jumps, 
external references to image files, sound, 
and animation. А second program takes 
the SGML files and compiles them into 
InSight files. SGI's InSight documenta- 
tion viewer interprets the links and point- 
ers, turning text into sophisticated hyper- 
text. You end up with a documentation set 
that not only is easy to search and navi- 
gate but also includes images, video, sound 
clips, and buttons that launch associated 
elements of the documented applications. 

According to Jim Clark, founder of SGI, 
the future of 3-D computing and digital 
media is the general consumer market (see 
"Roots and Branches of 3-D," May 1992 
BYTE). With low-cost systems like the 
Indy, that prediction can become a fact. 
Before the time a data superhighway is in 
place, we have a chance to develop a great 
repository of valuable interactive digital 
material. We have tools to import exist- 
ing text and develop it into sensually rich 
interactive documents. 

The 500 cable channels of the near fu- 
ture need not be wasted on interactive ver- 
sions of the Mickey Mouse Club. By gen- 
erating images and animation, we now 
have real opportunities to enrich the world 
with high-bandwidth consumer commu- 
nications. Апа because the Indy is so af- 
fordable, you can be part of the process. Ш 


Ben Smith is a testing editor for the BYTE Lab 
and the author of Unix Step-by-Step ( Hayden 
Books, 1990). You can reach him on the Internet at 
ben @ bytepb.byte.com. 
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C? trees add the soft 
touch of nature to our 
busy lives. They cool our 
cities, fight pollution, con- 
serve energy, give wildlife a 
home, and make our neigh- 
borhoods more liveable. 

The trees on city property, 
along streets and in parks, are 
an essential part of the urban 
forest. To keep these trees 
healthy and abundant, your 
town needs an organized 
program for their care...an ` 
annual action plan to plant 
and prune the city's trees, and 
to maintain their health. 

You can make a difference 
— by planting and caring for 
trees in your yard and in 
your neighborhood, and 
by encouraging your city 
government's community 
forestry program. 

Support Tree City USA 
where you live. For your free 
booklet, write: Tree City 
USA, The National Arbor 
Day Foundation, Nebraska 
City, NE 68410. 
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Compact and lightweight less than 
4.4 lbs. The Portégé T3400CT has been 


engineered to the extremes of portability | 
without compromising usability. (\) 


FINALLY, COMPUTER SCIENCE 
EMBRACES THE LAWS OF MOTION. 
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The new AccuPoint™ isometric f p 
pointing device works tn con- 
junction with click and drag 

buttons located comfortably beneath f 
the thumbs. 


Toshiba continues to drive PCMCIA 
technology: A 2.01 compliant Type П slot | 
expands your options for storage, fax/ | 
modems, networking, and the future. 


INTRODUCING THE NEW ULTRAPORTABLE PORTEGE. 


Toshiba engineers haven't just redesigned the portable color active matrix or high-contrast backlit monochrome 

computer, they ve reinvented it: The Portégé" T3400 displays. Toshiba designers have even created the optional 

Series, Never before has a computer so WE Port Replicator for simple, single-point 

perfectly balanced mass and speed. | PORTEGE connection to your desktop environ- 
Now you can travel with a system smaller — ment. See how far Toshiba has 

than a notebook, yet graced with the feel of a full-size taken every aspect of portable computing. 

system. Portégé is driven by the full force of an 1486" And think where it can take you. 


SX/33 processor, and shines with Toshiba's renowned Call 1-800-457-7777 for the dealer nearest you. 
THE SHAPE OF THINGS TO GO. 


Toshiba discovers the secretto | 
longer life: The ultra-lightweight | 
Li-lon battery, with up to 
8 hours of battery life, is 

the ultimate in power- 


T3400CT 

* 7.8" color TFT-LCD 
active matrix display— 
256 color SVGA 

79" x 9.9" x 1.8" 

* 44 lbs. 


T3400 

* 8.4" STN monochrome 
display 

:29'x99 x 17 

* 4.1 lbs. 


Boru MODELS + AccuPoint™ integrated Port replicator, and VGA adapter 
* 33MHz SL Enhanced i486™SX pointing device Windows" 3, gr" 
' 120MB HD ‘Integrated BitBLT graphics DOS™ 6.0, 
*4MB RAM (expandable to 20MB) accelerator CommWorks™ 
* Lithium-Ion battery * VL-local bus video for Windows 

• Type 11 (5mm) PCMCIA 2.0] slot — Ports: serial, parallel, FDD, 


In Touch with Tomorrow 


TOSHIBA 


© 1993 Toshiba America Information Systems, Inc. All products indicated by trademark symbols are trademarked and/or registered by their respective companies. 
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Harvard Graphics’ 3.0 
ScreenShow* Projector 


Compressed files 
3.01A 


Installation Disk 


1. Insert ScreenShow® Projector dick jn Drive A ot Drive B. 

2. Type A: (oe Bj and press Enter. 

3. Type instatl and ness Enter, ot if you have a monochrome 
monitor, type Inatall/m and press Enter, 


For ТАМ and companibis, DOS 
© 1997, 1989, 1 990, 199] Eaituare Раби Согра АЙ rights reu 
© 1947 Bitstrearn Бы. UD Potent Nou. 4, 298, 801, 4 75, 91. СРР 16-0003-05 _ 


They're exactly the 
same, but somebody 
just paid $100,000 for 
the one on the right. 


ERBEN DOS and Macintosh; comprehensive auditing software, a video 

a federal crime and risking a fine of up to $100,000. How can and procedures for establishing and enforcing a policy that will 
you and your company stay legal? It's easy with our Software Samm keep your organization's software legal. And, at only $80, it's a real 
Management Guide. You'll receive SPAudit for Don't copy that floppy bargain when you consider what some people pay. 


pl-—-——-—--—-------- 


When you use illegally copied software, you're committing 


eep your software legal. To order, call the Software Publishers Association at 
1-800-388-7478, or include credit card information or a check and send or FAX this coupon to: 
i SPA Management Guide, P.O. Box 79237, Baltimore, MD 21279-0237, FAX (202) 223-8756 


Name 

Com Title { MWTWARK ITELNIERS = | 

Address vy TP 
E m . 

Phone ( ) Ext 

Please send me  copiesat $80 each. Total $ (DC residents add 696 sales tax) 
д Г1СһесК enclosed (American Express OVISA® MasterCard® 

Card Number Exp. Date 

Signature of Cardholder Name of Cardholder 


Harvard Graphics and ScreenShow are registered trademarks of Software Publishing Corporation. 


Software 


NT iier hs Karly Leader 


Along with some flaws, Microsoft’s 
effective programming tools and ways to port 16-bit Windows applications 


OLIVER SHARP 


rogrammers currently using Mi- 
e crosoft’s Visual C++ will find 

the new version for NT famil- 
iar: The tools and libraries are almost iden- 
tical. They will also find that Microsoft 
Visual C++ development system 32-bit 
Edition for Windows and Windows NT 
isn’t flawless, but it does provide an abun- 
dance of tools and on-line documentation 
that help programmers take advantage of 
Windows NT's capabilities. 

Distributed on a CD-ROM, VC++/NT 
comes with two complete compilation en- 
vironments, one that runs under NT and 
one that runs under Windows 3.1. How- 
ever, the latter can create only executable 
files that use the Win32s subsystem, so 
you can't build Winl6 executables. The 
full NT development environment is over 
70 MB, although you can cut down on the 
space needed by leaving out some features 
or by running the compiler from the CD- 
ROM. In addition, the CD-ROM includes 
over 70 MB of documentation. 

Like its 16-bit cousin, the NT version 
uses Visual Workbench to integrate tools 
by providing access to the compiler, de- 
bugger, profiler, code browser, and pro- 
gramming aids called application wizards. 
But VC++/NT improves on its predecessor 
by including all the tools and API docu- 
mentation formerly available only in the 
Windows NT SDK (Software Develop- 
ment Kit). 


The Programming Environment 
To test the Windows NT programming 
capabilities, I built a Win32-based tele- 
phone database manager that uses the 
Windows interface. The program allows 
access to multiple databases, performs var- 
ious searches, and can output formatted 
reports. It takes advantage of the new fea- 
tures of the Win32 API by using multiple 
threads: A thread is spawned to format the 
database, and each document has a back- 
ground thread that keeps an index up to 
date. Whenever you modify the database, 
the thread wakes up and updates its infor- 
mation in the background. 

The Visual Workbench allows easy ac- 
cess to the definitions of functions and 


variables, documen- 
tation for the operat- 
ing-system calls, and 
the debugging and 
applications develop- 
ment tools. With prac- 
tice, you'll be able to 
navigate through the 
system comfortably. 

The Workbench's 
editor is flawed, how- 
ever. In any environ- 
ment, an editor is one 
of the most important 
programming tools, 
and in VC++/NT the 
editor serves as the glue that binds the en- 
tire system together. Unfortunately, it's 
underpowered and difficult to replace. It is 
not programmable, doesn't provide flexi- 
ble control of key bindings, and has a fixed 
strategy for syntax highlighting. If you're 
a programmer who spends a long time cus- 
tomizing your favorite editor to make it 
an efficient tool, you will probably not be 
satisfied with these shortcomings, and the 
environment doesn't provide much sup- 
port for using an alternative. 

You can add your own editor to the tools 
menu and use it on files. But once you be- 
gin debugging, browsing, and navigating 
through your application to look up defini- 
tions, you must switch to the built-in edi- 
tor, because there is no interface for send- 
ing status messages to an alternative one. 
Windows programming generally requires 
you to spend most of your time making 
incremental modifications in the midst of 
debugging and testing, so you will spend a 
lot of time in the built-in editor or lose the 
convenient interaction of the various tools. 
l hope Microsoft improves the editor in 
future releases or provides better support 
for integrating third-party offerings. 

Nevertheless, the Visual Workbench 
has some good features. One is the high 
degree of control it gives you when you 
build programs. Menus provide easy ac- 
cess to the different options available in 
the compiler and linker. In addition, the 
dialog boxes show the list of correspond- 
ing arguments that will be sent to the tools. 
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Visual C++ 32-bit Edition delivers 
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New Window 
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App Studio, a programming tool rha! edits 
resources associated with an application, here 
is modifving a menu structure (top). You can 
change menu properties in the dialog box shawn 
in the bottom foreground. 


The Wizards 

A distinguishing feature of VC++/NT is 
the set of wizards—programming tools 
that generate code you can use as a start to- 
ward an application. With practice, you 
can construct simple applications quickly 
using wizards. I used them to produce the 
interface to my multithreaded database 
browser. 

To build an application using the wiz- 
ards, you first open the AppWizard. It pro- 
duces a generic application framework by 
displaying a window with a list of possible 
menu options for you to invoke or delete, 
depending on your application. Next, you 
design dialog boxes, menus, and other 
graphical resources in the App Studio. 
Then the ClassWizard allows you to tie 
these pieces to your code: It produces the 
appropriate procedure stubs for you to fill 
in. In the case of the database browser, 1 
used App Studio and the ClassWizard to 
add dialog boxes (to ask the user for such 
things as search criteria and output for- 
matting preferences), as well as to set var- 
ious menu options and do some on-screen 
formatting. 

When you write code to handle various 
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events, you interact with the internal | _ 
state of the application. The world is | 
divided up into documents contain- | 
ing objects, and the user can see апу |. 
number of views of the document. | 
You can modify objects based on | 
system or user events; periodically, | 
the objects will be asked to refresh | 
their visual representation. ! 

The wizards assume various id- 
ioms supported by MFC (Microsoft 
Foundation Classes) 2.0, which pro- 
vides class definitions for Windows f 
objects and the connections needed |. 
for Windows event handling. If you 
create your own data structures, you 
must conform to the wizards' as- | 
sumptions about idioms. For exam- 
ple, documents are saved by passing 
a serialize object to every object in 
the document. Each object in the 
document is responsible for saving 
or restoring itself by writing to or 
reading from the serialize object. 

Unlike in some other program- 
ming environments, the wizards 
don't keep the interface and the guts of 
the application separate. After the wizards 
produce their code, you live within the ap- 
plication and are not shielded from it in 
any way. Whether you like that strategy 
is something of a personal preference; 
some programmers prefer to have more 
abstraction, while others like to see all the 
code together. Given the path VC++/NT 
has chosen, I found that the code it pro- 
` duced was easy to work with. It is well 
structured and well commented, and mod- 
ifying the code is straightforward. 

А more curmudgeonly lot of program- 
mers object to having tools build their ap- 
plications at all. These programmers may 
accept visual-resource editors, but they 
want to be in control of all the code. Thus, 
many of the tools in VC++/NT won't in- 
terest them much, but they will find the 
abundance of source code to be a real help. 
They can work with or modify it to their 
liking, using it as a model when they forge 
their own path. Although the wizards rely 
on MFC extensively, MFC can still be 
useful to programmers who choose to per- 
form their own sorcery. The classes, which 
come with full source code, provide a va- 
riety of useful data structures and access to 
complicated subsystems like OLE. 


Multithreaded Applications 

Adding threads to programs that use MFC 
can be a problem, because the classes are 
not reentrant; that is, they cannot be used 
by different threads at the same time. There 
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When generating Windows NT executable files, the compiler in 
Microsoft Visual C++ 32-bit Edition performed equivalently to 
Watcom C/C++'s compiler, the fastest one we've tested. Microsoft 
scores are indexed against Watcom results, which equal 1. The 
tests consisted of BYTE's portable C benchmarks, with both 
compilers set to generate speed-optimized 486 code. Tests ran on a 
50-MHz Everex 486DX2 with 256 KB of cache and 16 MB of RAM. 


is a reentrant C library, however, so threads 
are free to use the standard C functions 
when that version of the library is linked in. 
If you want to use threads in a program 
relying on MFC, you first need to recom- 
pile the MFC library itself to use the reen- 
trant C library. Then the threads can use the 
C library functions and walk over inter- 
nal data structures, as long as they stay 
away from the MFC. (Microsoft plans a 
reentrant version of MFC in the next re- 
lease of VC++/NT.) 

In my case, the restriction wasn't too 
onerous because I was using threads to 
handle time-consuming operations on ba- 
sic data structures. In my application, some 
of the menu choices invoke handlers that 
spawn a thread; they immediately return, 
leaving the thread to continue working in 
the background. One separate thread is in- 
voked when each document is opened. The 
thread hovers in the background until the 
document is closed, waiting on a sema- 
phore. When it wakes, the thread checks to 
see if it was awakened in order to termi- 
nate; if not, it knows that the database has 
been modified and the index must be up- 
dated. If you have a more ambitious use of 
threads in mind, such as using them to 
modify different parts of the GUI simul- 
taneously, you'll need to abandon MFC 
or wait for a subsequent release. 


Other Tools 
The VC++/NT debugger is also integrated 
into the Visual Workbench. It has the usu- 


| al features for stepping through the 
source code being executed, and a 

flexible facility for specifying break- 
| points. The debugger allows you to 
| examine data structures and ex- 
pression values in a dialog box 
called Quick Watch. You can add 
a value that you examine in Quick 
Watch to a watchpoint window in 
Workbench. Expressions in the 
watchpoint window are updated 
whenever you suspend an execu- 
tion. Also, the support for multiple 
threads is handy. You can suspend 
and resume them individually and 
switch the active focus among them. 

The on-line documentation in 
| VC++/NT is extensive and very 

useful, and I found myself spend- 
ing a lot of time in it. It comes with 
a browsing utility that is an im- 
proved version of the standard help- 
file browser. The documentation 
isn't flawless: It's plagued by some 
unclear language and typos in both 
text and sample code. Caveats aside, 
after you have had some experience navi- 
gating through the documentation, you'll 
find it a terrific resource. 

Another tool that was much updated in 
the move to NT is Spy++, which lets you 
explore the threads, processes, and win- 
dows that are currently active in the sys- 
tem. It's a useful tool for seeing how a 
multithreaded application is executing. 


The Compiler 
Although you'll spend most of your time 
interacting with the programming envi- 
ronment, the heart of the system is the 
compiler. Microsoft has improved its com- 
piler somewhat by adding support for Pen- 
tium optimization, but the main difference 
is the move to a flat 32-bit address space. 
As in previous versions of Visual C++, 
the compiler produces code that is effi- 
cient in both space required and execution 
speed. As the graph shows, compilation 
speed is on a par with that of Watcom 
C/C++32, the fastest product in BYTE's 
recent roundup of C++ compilers (see 
“C++ Does Windows,” September 1993 
BYTE). The compiler is also heavily de- 
pendent on the amount of memory in the 
system: I strongly second Microsoft’s rec- 
ommendation of at least 20 MB of RAM. 
You also need adequate disk space. The 
compiler takes up 60 MB to 80 MB, and 
each application you’re working in takes its 
share. Just the basic application frame- 
work, when compiled in debugging mode, 
chews up 6 MB with all its subsidiary files. 
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Microsoft has added some new features 
to the compiler to better support the NT 
environment. In particular, it has added 
direct language support to ma 
allow the C/C++ program- 
mer to deal with threads 
more easily. There is a di- 
rect call for creating a new 
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can't do much to help you with that. 

The Visual С++ environment has also 
been upgraded with new features in the 
NT version. À major improvement is that 
the package now includes tools and docu- 
mentation formerly available only in the 
Windows NT SDK. One of the tools is the 
help compiler, which con- 
verts annotated RTF files 
that you can produce with 
Microsoft Word or other 
tools into the HLP files that 


thread (_beginthread) 
and passing arguments to it; 
the construct is mapped to 
the appropriate API calls by 
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the compiler. You can spec- 
ify that static or global data 
is to be thread-specific by 
using the С++ extended declaration facil- 
ity: Specifying the declaration , dec1- 
Spec (thread) int foo tells the com- 
piler that each thread is to have a private 
instance of the variable. Local variables 
do not need special treatment because each 
thread has its own stack. 

One significant problem with the com- 
piler is that it does not support strict ANSI 
compatibility. Microsoft chose to support 
only the functionality of cfront 2.1, adding 
exception handling via preprocessor mac- 
ros and the compiler. The С++ exception- 
handling mechanism in cfront 3.0 and the 
use of templates аге not supported. This 
decision has unfortunate consequences for 
the С++ programmer who is familiar with 
the ANSI dialect or who wishes to use 
sample code that relies on it. Templates 
are such a useful mechanism that C++ pro- 
grammers are increasingly encouraged to 
use them; it's a pity that they're not avail- 
able in VC+4/NT. Microsoft says that an 
updated version of VC++/NT, due later 
this year, will support both cfront 3.0 ex- 
ception handling and templates. 


32-bit Changes 

In moving from the 16-bit to the 32-bit 
version, programmers face a variety of 
changes. Some are caused by the switch 
to a new API, and some by the updated 
programming environment. 

The Win32 API has a lot of new fea- 
tures, ranging from Bézier curves and se- 
curity to support for multiple threads. An 
application that uses threads effectively 
performs time-consuming operations in 
the background and lets you carry on with 
your programming. But these benefits 
don't come free: You'll often need to re- 
cast the structure of your application to 
take advantage of threads. The compiler 
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the interactions between 
threads and DDE commu- 
nication. The profiler has 
also been improved with a better interface. 

Since the Win32 API is the only one 
supported, you need to recode applications 
relying on Winl6 API features. For ex- 
ample, the Win16 communication API has 
been replaced; NT programs communi- 
cate through a serial port with the same 
calls that handle file I/O. All support for 
DOS has been dropped, and applications 
can no longer access INI files directly. 
Most other changes in the API are to func- 
tions that formerly returned 16-bit values 
packed into a 32-bit word. The on-line 
documentation summarizes the various 
changes. 

Microsoft also dropped the QuickWin 
environment that supported DOS pro- 
grammers with a simple Windows APT. 
You must either use the Console API or 
move entirely into the Windows environ- 
ment. VBX custom controls are gone, too. 


Is the 32-bit Version for You? 

Should you switch to the 32-bit version? It 
depends on what environment you're mov- 
ing from and whether you plan to take ad- 
vantage of the Windows interface. 

If you currently write programs using 
simple-stream I/O or full-screen text I/O, 
the NT version will let you either take the 
plunge into Windows programming or set- 
tle for the Console API's more limited 
functionality. To test the latter, I ported 
Unix and Winl6 applications. The Unix 
programs consisted of two-stream I/O fil- 
ters that manipulated a phone database, 
performing lookups and converting the 
database into a formatted form for printing. 
The Winl6 application was a text browser. 

.I found the consoles fairly simple to 
manage: The API consists of a few dozen 
functions that let you create a console, 
control the cursor, do simple I/O, and catch 


some kinds of events, like mouse-clicks. 
Consoles are also handy for debugging 
GUI applications, because the program 
Can Output status messages and accept 
debugging input even when the primary 
graphical interface is not working or is in- 
complete. While it’s simple to port appli- 
cations to the Console API, programmers 
who don’t need more than that from their 
development environment will have little 
reason to favor VC++/NT over its com- 
petitors. And if strict ANSI compatibility 
is important to you now, you would be 
well advised to look elsewhere. 

On the other hand, the audience Micro- 
soft is really aiming at is the current body 
of Windows 3.1 programmers. They will 
find much to like about VC++/N'T, partic- 
ularly if they've been using its predecessor. 
One of the highest priorities in designing 
NT was making it easy for programmers to 
port their 16-bit Windows applications 
quickly and easily. By following the Win- 
16 API closely and porting MFC 2.0 to 
NT, Microsoft has done most of the port- 
ing work for you. What remains is to get 
rid of the segmented memory assumptions, 
fix some data-structure packing issues, and 
move to a somewhat changed APT. 

To ease the transition, Microsoft sup- 
plies PortTool. It runs through a Winl6 
program and identifies places where the 
API has changed or where there are 16-bit 
declarations that are no longer valid. Port- 
Tool is not integrated into the Visual Work- 
bench. To access it, you have to invoke it 
manually or add it to the Tools menu. You 
can use it to go through your program in- 
teractively, or it can process files and add 
comments where it found potential prob- 
lems. Microsoft supplies source code, so 
you can tailor the program to your needs if 
you are planning to use it repeatedly. While 
it’s hardly a panacea, PortTool is a useful 
tool for finding trouble spots. 

The bottom line: VC++/NT is the pro- 
gramming environment to beat—every 
other NT compiler will inevitably be com- 
pared to it. Although there are some flaws 
and weaknesses, Microsoft has succeed- 
ed in delivering an integrated package with 
the tools and documentation that allow a 
Windows NT programmer to take full ad- 
vantage of the operating system. Ш 
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New Mac Blazes Technology Trails 


The Mac Quadra S40AV packages more speed with new video and 


voice technologies 


TOM THOMPSON 


the incremental speed increases and 
bits of new technology Apple gives 
each new Macintosh generation. There’s a 
good technical reason for the slow pace. 
Drastic hardware and operating-system 
changes tend fo cause software compati- 
bility problems for Mac end users, a bad 
scene that Apple wants to avoid. Remem- 
ber the SCSI DMA that didn’t quite work, 
and the serial compatibility problems with 
the Mac IIfx? Or the more recent troubles 
with the Express Modem driver for the 
PowerBook Duo? All involved Mac de- 
sign improvements that unfortunately got 
in the way of a lot of existing software. 
So you can hardly blame the company for 
keeping big changes to a minimum. 
Thus, Apple’s new AV Macs caught me 
off guard. The Quadra 840AV and Cen- 
tris 660AV sport major improvements in 
hardware design, including a DSP (digi- 
tal signal processor). They also offer sev- 
eral significant technologies ready to go: 
built-in video I/O, voice recognition, and 
a TTS (text-to-speech) engine. (For more 
details, see "Apple, SGI Blaze Video 
Trail," September 1993 BYTE.) The new 
Mac AV features are neat, capably imple- 
mented by Apple's engineers, but they also 
provide opportunities for a lot of the old 
stuff to go wrong. With this in mind, I took 
a serious look at a Quadra 840AV. 


V Us easy to become complacent with 


Test Drive 
The Quadra 840AV that I tested arrived 
from Apple equipped with a 230-MB hard 
drive, а dual-speed CD-ROM drive, and 
16 MB of RAM. Apple also threw in a 
POTS (plain old telephone system) Geo- 
Port adapter. The best compatibility test I 
can think of is to use the Quadra as my 
daily work machine. So | connected it to a 
spare Ethernet drop in my office, switched 
on File Sharing, and copied to it the con- 
tents of my Mac Ilci's hard disk. The 
BYTE Macintosh benchmark suite fol- 
lowed, copied from a Mac file server. 
The BYTE benchmark tests show that 
the Quadra 840AV is one fast Mac. At 40 
MHz, it outpaces the 33-MHz Quadra 800 
easily on the CPU, FPU, and video tests 


(see the graph). But the Quadra 840AV 
trailed the Quadra 800 on the disk tests, 
and the new SCSI Manager 4.3 is to blame. 
It handles 1/O redirection, implements 
SCSI ОМА, and provides some SCSI-2 
command features, but it appears that this 
new flexibility adds overhead to hard disk 
I/O. If you use third-party drives, check 
that the driver software supports the new 
SCSI Manager; you 
will eliminate po- 
tential compatibility 
problems and ensure 
high throughput. 

As you'd expect, 
the slower disk per- 
formance affected 
application bench- 
mark results. The 
Quadra 800 edged 
just ahead of the 840- 
АМ on several appli- 
cation tests. If you 
use desktop publish- 
ing and scientific ap- 
plications, though. ! 
you will get better ee 
performance from ge 
the 840AV. 

The tests also in- 
dicate that the SCSI ' 
DMA feature doesn’t help performance, 
for the same reason that it wasn’t much 
use on the Mac IIfx: The single-threaded 
Mac OS can't use it effectively. SCSI 
DMA won't help until the Mac OS un- 
dergoes a major overhaul, probably with 
the arrival of the microkernel. 

Considering the radically new hardware 
that Apple has added to the Mac AV design 
(e.g., nine dedicated DMA channels for 
SCSI, serial, Ethernet, and sound), I ex- 
pected to run into a lot of compatibility 
problems. I was pleasantly surprised to 
discover that this isn't the case. All my 
applications, including Claris's MacWrite 
Pro 1.0v4, Adobe's Illustrator 5.0 and Pho- 
toshop 2.5, Telnet 2.5, Lotus's cc: Mail 
2.0, Aladdin's Stufflt Deluxe 3.0.6, and 
Symantec's Think C 6.0, worked just fine. 
So did my usual herd of indispensable 
Control Pancls and Extensions, including 
Now Software's Super Boomerang 4.0.1р 
and WYSIWYG Menus, Adobe Type 


Manager 3.6, and Berkeley Systems’ After 
Dark 2.0x. 

Because of the new DMA serial drivers 
built into the 2-MB ROMs and the new 
nine-pin GeoPort connector that replaces 
the modem connector, I paid special at- 
tention to serial communications. On-line 
sessions using AppleLink 6.I and America 
Online through a networked Shiva Net- 
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With Apple's AudioVision monitor and a built-in 
DSP, the Quadra 840AV is ready to handle 
voice data. 


Modem and a locally connected Global 
Village Teleport Gold modem worked fine. 


Plain Speaking 

PlainTalk is speaker-independent voice- 
recognition software, and it handled my 
Southern drawl fairly well. However, near- 
by conversations and sometimes my own 
typing made enough racket to confound 
it. To work reliably, PlainTalk requires a 
quiet environment—something not avail- 
able to your average business worker. 

In addition to effective speech recogni- 
tion, PlainTalk's other strength is in pro- 
viding the means for physically challenged 
folks to perform useful work. The TTS al- 
lows visually impaired people to “read” 
files, for example. Using TTS, PlainTalk, 
and the proper scripts, a blind person can 
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Quadra 840AV Performance Indexes 


4 Worse Low-Level 


Quadra 840AV 
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Results are indexed. Far each individual test, a Mac Classic 11=1.0; for the Overall 
Application Index, a Classic 1127.0. The Classic Il used 512- by 342-pixel screens; the 
Macs, caches were disabled 
only for Word Processing tests, and PageMaker 4.2 was used for DTP tests. 


Quadras used 640 by 480 pixels. For the 68040-based 


Running at 40 MHz, the Quadra 840AV is the fastest Mac yet. A new 
SCSI driver, however, puts hard drive performance slighily behind that 
of a Quadra 800 that BYTE tested previously. Slower drive performance 
spills over into some of the application test results. 


retrieve, read, and file electronic docu- 
ments. Articulate Systems (Woburn, MA) 
is working on PowerSecretary, an appli- 
cation that lets you dictate speech into text 
on AV Macs or appropriately equipped 
68040-based Macs. 

You activate PlainTalk through the 
Speech Setup Control Panel. Switching 
on voice recognition launches two invisi- 
ble applications, SR Monitor and SR North 
American English. The disadvantage to 
implementing voice recognition this way is 
that it takes 30 or 40 seconds before the 
PlainTalk service becomes available. The 
advantage is that when you switch Plain- 
Talk off, the two applications silently quit 
and you recover the memory they used. 

The memory savings are considerable. 
Using voice recognition along with the 
high-quality female voice option consumes 
nearly 4 MB of system memory. Small 
wonder that the review unit came with 16 
MB of RAM instead of the standard 8 MB. 
With File Sharing, PlainTalk, System 7.1, 


and some favorite Con- 
trol Panel and Exten- 
sions loaded, I had only 
8 MB of free RAM left. 
Although you can save 
memory by using com- 
pressed versions of the 
voices, quality suffers. 

A special micro- 
phone handles voice in- 
put. You place the mike 
atop your monitor and 
| plug it into the Quadra 
840's sound-input port 
(unless you're using the 
| Apple 14-inch Audio- 
Vision monitor, which 
has the mike built in). 
The mike’s focal point 
is approximately 30 
inches in front of it. 

Through the Speech 
Setup Control Panel, 
you select a phrase that 
alerts PlainTalk that 
you are directing com- 
mands at the computer. 
When PlainTalk recog- 
nizes such a command, 
it consults a command 
dictionary. If there’s a 
match, it triggers an 
Apple Event. Other- 
wise, the computer ut- 
ters a polite “Pardon 
me?” The command 
might launch a single 
application, or it might 
start off an AppleScript (the Mac OS's 
batch command language) that executes a 
whole cascade of preprogrammed activi- 
ties. A bundied Speech Macro Editor lets 
you edit the command dictionary and add 
your own commands and AppleScripts. 

Adding a new application to launch is 
just a matter of adding an alias file to the 
Apple Menu Items folder. You invoke the 
new application with an Open command— 
"Open Excel," for example. PlainTalk then 
creates an "open" Apple Event addressed 
to the Finder, which searches its menus 
for the stated item. Since the Finder Apple 
Menu is built from objects in the Apple 
Menu Items folder, the requested applica- 
tion is there and launches. 

If you want to develop more compli- 
cated operations, you need AppleScript, 
UserLand Frontier, or another scripting 
language. Apple bundles the AppleScript 
editor with the Quadra 840AV. 

Voice-command possibilities also de- 
pend on applications that are Apple Event 


Better > 


Better Ё | 


savvy, Since the scripting languages use 
this IAC (Interapplication Communica- 
tion) protocol. The number of applications 
supporting Apple Events was initially 
small but is growing rapidly and now in- 
cludes Aldus PageMaker 5.0, QuarkXPress 
3.2, Microsoft Excel 4.0, WordPerfect 3.0, 
and Aladdin's StuffIt Deluxe. 

To experiment with voice control and 
scripting, I used a beta version of SIT- 
comm, Aladdin's new terminal emulator 
application. Since most of SITcomm's in- 
terface accepts Apple Events, I could log 
onto BIX, for example, without any script- 
ing at all. I could just say "Open SIT- 
comm" to launch the application, "BIX" to 
load the terminal settings and phone num- 
ber from the internal address book, and 
"Connect" to actually connect to BIX. 
However, this isn't a very practical way 
to control your Mac via voice commands. 
Instead, I created an AppleScript to pain- 
lessly sign me onto BIX with just a sin- 
gle voice command. 

With the AppleScript editor, I record- 
ed a BIX log-on session using SITcomm, 
switched off the editor's recording mode, 
and then went back to tinker with the re- 
sulting AppleScript. Adding the new voice 
command with the Speech Macro Editor, 
I could then trigger the finished Apple- 
Script by saying, "Connect to BIX." It 
would then launch SITcomm, select the 
service, dial the number, and handle the 
log-on exchange. 

With the Mac OS providing the heavy- 
duty technology to generate Apple Events 
from spoken commands, and with vendors 
writing Apple Event-savvy applications, 
you play the role of switchboard operator, 
making the connections between the Mac 
OS and applications by writing Apple- 
Scripts. There's a huge opportunity here 
for developers to complete these connec- 
tions by writing scripts for businesses. 


Phone, Fax, and Video 
The Quadra 840AV's DSP uses a real-time 
operating system that can perform several 
signal-processing tasks simultaneously. 
One such task is the sound preprocessing 
for PlainTalk. Other programmed func- 
tions that the DSP can handle are telepho- 
ny, modem, and fax operations. A bun- 
dled Telephone application lets the Quadra 
act as a phone, and, with the Apple Audio- 
Vision monitor, you can actually use the 
system as a speakerphone. Telephone can 
also answer the phone, play a recorded 
message, and then record a message from 
the caller—but you'll need lots of hard 
disk space to record digitized messages. 
continued 
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Live Video on the Mac 


will be. 


In testing the new Mac Quadra 840AV, I used Sony PCS-V2 
and VideoLabs Flexcam cameras to obtain live video. Both 
provide only a composite video signal, and each has its own 
separate power-supply “brick,” with the usual entourage of a 
power cable and a supply lead to keep track of. 

Sony's PCS-V2 is a flat box with a fixed-focus, tiltable 
video camera, speaker, and microphone. It’s designed to sit on 
top of your monitor, but this assumes the monitor has a flat area 
several inches wide along the top. Apple's Audio Vision moni- 
tor has a steeply sloping top, so I had to put the PCS-V2 on the 
Quadra 840AV’s housing instead. 1 looked at a preproduction 
version that is actually an inch deeper than the final version 


VideoLabs' Flexcam looks like a Martian tripod from H. G. 


Wells' S War of the Worlds: A wide base sprouts a long, limber neck that ends in an 
eyéball contraption. This section contains a focusable video camera and two micro- 
phones for stereo sound recording. The PCS-V2’s captured images looked better 

than the Flexcam’s, but the Flexcam has the advantage that you can aim it at practi- 
cally anything, including papers on a desktop (a form of scanning), and you can ad- 


just the focus. 


Using Apple’s bundled Video Monitor application, I could observe the view be- 
hind me through my office door with either camera while I was working. You can 
observe the view in windows ranging from 160 by 120 pixels, to 320 by 240 pixels, 
to full screen (640 by 480 pixels), but the image looks grainy on the largest screen. 


The live video image is 16 bits deep. 


Apple manages this feat by splitting VRAM (video RAM) into two frame buffers 
when live video is in use. The computer-generated screen goes into one buffer, and 
the live video into another. The video circuitry then melds the two buffers together 
at the D/A display hardware. To capture the Mac Desktop and live video simultane- 
ously, you need an application, such as the Video Monitor or VideoFusion’s Fu- 
sionRecorder, that understands where the live video resides in the system. 


The Express Modem software provided 
with the POTS GeoPort adapter imple- 
ments a 9600-bps V.32 modem. (1 found 
this odd. The DSP should have the horse- 
power to provide 14.4-Kbps modem ca- 
pabilities—a speed folks using AppleTalk 
Remote Access need for high-speed con- 
nections from the field.) I was able to con- 
nect reliably to AppleLink, America On- 
line, and BIX using the GeoPort. The 
software bundled with the adapter also in- 
cludes Apple’s Fax Sender software. which 
lets you “print” a document from within 
any Mac application to a fax. With it, ] 
was able to rapidly dispatch editorial cal- 
endars and author proofs at 9600 bps di- 
rectly from my Mac, rather than queuing 
up with paper copies at the fax machine. 

But the DSP has only so much process- 
ing power. І couldn't, for example, fax or 
connect by modem with PlainTalk active. 
Fortunately, you get alerts that indicate 
the problem. and you can switch PlainTalk 
off during faxing or a communications ses- 
sion. (There's a market here for an Fkey 
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that would toggle these services with a 
keystroke.) This is a nonissue if you're us- 
ing an extemal or networked modem. 
The functions provided by the DSP help 
launch a preemptive strike against Mi- 
crosoft's proposed API for connecting 
computers to office equipment. Apple's 
answer is that the computer becomes your 
office equipment. Based on the results Гуе 
seen so far with faxing, calling, and com- 
municating, Apple's got the better idea. 
Besides the usual gaggle of ports (seri- 
al, ADB [Apple Desktop Bus], Ethernet, 
video, and sound I/O), the Quadra 840AV 
also has four video I/O 
ports: in and out ports for 
both composite video and S- 
video. With the right soft- 
ware, video capture to a 
QuickTime movie is practi- 
cally plug-and-play. | con- 
nected a portable VCR's 
output to the Mac's com- 
posite video input, fired up a 
video-capture application 


About the Product 


Mac Quadra 840AV 
(with 230-MB hard drive 
and 8 MB of RAM) 


Apple Computer, Inc. 
20525 Mariani Ave. 
Cupertino, СА 95014 
(408) 996-1010 
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from VideoFusion (a demo version of the 
program comes bundled with the Mac), 
watched the incoming live video in a 
screen window, and clicked on the pro- 
gram's record button. The FusionRecorder 
program captures digital video to memory 
or hard disk and applies compression to 
the captured data once you stop record- 
ing. If you need editing features, Video- 
Fusion offers an upgrade to the full-blown 
QuickFlix application for $89. 

To test video output, I connected a com- 
posite monitor to the output jack. The 
Monitors Control Panel offers the option of 
NTSC or PAL video output, and you can 
also redirect the Desktop to the output port. 
This way, you can use a VCR to record a 
demo tape, or set up a large-screen moni- 
tor to display work to a classroom or lec- 
ture hall. I found the output on the monitor 
decent and nearly flicker-free, thanks part- 
ly to convolution algorithms that minimize 
the effects of video interlace. 


New and Improved 

The Mac Quadra 840AV represents Ap- 
ple's fastest Mac to date. Although the 
new SCSI driver hurts hard drive perfor- 
mance slightly, it will also support fu- 
ture — and faster — SCSI PDS (Processor 
Direct Slot) boards and buses. In spite of 
major hardware changes, software com- 
patibility is excellent. But then, the cur- 
rent Mac OS doesn't fully exploit all the 
new hardware (e.g., the SCSI DMA), ei- 
ther. Nevertheless, the Quadra 840AV 
represents a stable platform on which ven- 
dors can carefully start using the new fea- 
tures. I also expect to see some of this stuff 
in PowerPC Macs, so the AV Macs help 
show developers the way to working with 
the future RISC-based Macs. 

The PlainTalk and video technologies 
are both well conceived and well imple- 
mented. Neither is by any means perfect, 
but the Quadra 840AV shows a good first 
effort. More important, they are enabling 
technologies: Along with the programma- 
ble DSP, they will allow developers to 
push the Mac in new directions, redefining 
what a Macintosh is and what it can do. 
It will be interesting to see 
what appears in the next few 
months. B 


Tom Thompson is a BYTE senior 
technical editor at large with a 
B.S.E.E. from Memphis Siate Uni- 
versity. He ts an Associate Apple 
Developer. Contact him on Ap- 
pleLink as T. THOMPSON, or on 
the Internet or BIX at tom, thomp- 
son bix.com. 
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HANDS-ON TESTING 


COLOR 
MONITORS 


We test high-resolution monitors with displays ranging trom 15 to - 
21 inches to find the highest image quality and the best values 


ANDREW J. FRONING 


he monitor is arguably the most important component in deter mining how effectively you work, 
especially if you use a graphical environment that relies on clear displays of text, images, a mul- 
titude of data points, or many open windows. Fortunately, today you have more choices than 
ever for high-resolution monitors, whether you run general business applications or make pre- 
sentations to packed conference rooms. 

To pick the best of today’s offerings, we tested 70 color monitors ranging from 15 to 21 inch- 
es, with resolutions and refresh rates sharp enough for today’s more demanding graphical applications for PCs 
and Macs. To search for the best image quality, we ran more than 40 tests on each monitor to measure over- 
all quality, sharpness, and distortion. We ranked the monitors for how easy they were to set up, adjust settings 
for, and use. Finally, we determined how much power each monitor consumed. 

Our test sample consisted of 28 15-inch, two 16-inch, 31 17-inch, one 20-inch, and eight 21-inch color mon- 
itors. The average cost of a 15-inch monitor was $610, or half the average price of a 17-inch monitor. Prices 
more than doubled again for 21-inch monitors, which averaged $2736. The least expensive monitor we test- 
ed was the Peppe MESAHE L15MG,a 15-inch SSpay + that lists for just $279 (but received the lowest 

а ] | g overall score in our quality 
How to use this guide tests). By contrast, 21-inch 
| ; monitors from Mitsubishi 
and Nanao, at $2999, carry 


We selected the best color monitors based on points or more in the quality index represent 


quality rankings and evaluations of ease of obvious differences, a 1-point difference is the highest price we saw (the 
use, features, and power consumption. Higher subtle to the unaided eye, and a !/zpoint Nanao F760iW was a run- 
numbers mean better performance. Two difference is difficult to discem visually. 


ner-up for Best Overall in 


A weighted score =E = cm PF = a Power scores its category, the Mitsubishi 
for image quality, Sceptre CC-6156L indicate relative | Diamond Pro 21 FS was not 
sharpness, PELTM————— power rank d) 
convergence, Е Hie me sea eaoat usa же ье өы сй м. consumption; апкеа). 
contrast, БДА озы sotme эй ты 17 Eh ond hall of û 21 «лї medians higher numbers To be considered for test- 
distortion, and “lee سے‎ eS یت‎ represent lower . “ere 
legibility. ___ 7 pie mee iem imm power ing, monitors had to have a 
o -——————L ee consumption display resolution of at least 
моа 4 BM UNUM under Windows. А А 
ИЖ на Шийир 1024 by 768 pixels. Fifty- 
ип feupos CCH. {ды 619 9% ала 1000 o2 1024 
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nine monitors supported 
horizontal resolutions high- 
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What to Look for in a Monitor 


PICTURE TUBE 

Most monitors use three electron guns to produce color 
images. In its Trinitron displays, Sony uses a single electron 
gun shooting three beams. We didn't find that one electron- 
beam implementation always produced better quality than 
another. 
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POWER CONSERVATION 

Power management circuitry 
reduces energy consumption when 
the computer system is idle. Look 
for the Energy Star logo. 
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CONNECTORS 
For PCs, monitors include 15-рїп 
mini-D-sub connectors. If you run a 
Mac, your monitor should come with 
a 15-pin D-sub connector. For 


й specialized video adapters ог for 
SCREEN SURFACE bridging monitors, make sure BNC 
A nonglare coating reduces connectors are available. 
the visual distractions on the | 
monitor caused by light EMISSION SHIELDS 
sources such as windows and These shields provide additional 
overhead lighting. An protection against VDT 
antistatic surface reduces emissions. Look for products 
the accumulation of dust on offering Sweden’s MPR II level 
the screen but shows of protection. 
fingerprints readily. 
PEDESTAL 
CONTROLS Be sure a monitor can pan 
Look for controls mounted on — | — al э. : Раі and tiit smoothly and offers 
tha front bezel of the monitor SITET, d EUN кане ott 
with easily identifiable кат [7 —____———_ to make it easier to adjust 
markings. nun. -— M the display position for 
{ иа comfortable viewing. 


er than our minimum requirement: 47 dis- 
played 1280 pixels, one displayed 1152 
pixels, and 11 offered 1600 pixels. We 
required our test monitors to support the 
VESA (Video Electronics Standards As- 
sociation) recommended minimum re- 
fresh rate of 70 Hz for 1024- by 768-pix- 
el resolution. 


ILLUSTRATION: BRUCE SANDERS © 1894 


We saw only five picture-tube manu- 
facturers represented (Hitachi, Matsushi- 
ta, Mitsubishi, Toshiba, and Sony). Qual- 
ity varied according to differences in the 
individual tubes and the electronics (e.g., 
the microprocessors that handle the in- 
coming video signals) that each monitor 
vendor integrated with the tube. 
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The 15-inch. CC-615GL 

a itself with‏ اه ال 

top-flight screen quality, , - 

below-average cost, and 

, the best scores for its 

monitor class іт both the 

` power'consérvation and 
distorti ‘tests. &. 

.. ‘monitordisplays excellent 

., Somer sharpness, with 
only a.smáll amount of 
moíré. Bullt4n memory. 
holds nine preset resolu- 
tion modes and 22 user- 
definable settings. The . 
unit offers а combination 
of easy-to-use. analog and 
digital controls, including 
pincushion contro! and а 
degauss switch. PAGE 204 


А, 


AND GRAPHICS. . 
Nanao F560iW 
Although it.ranks close to 

- Nanao’s 75601 In'overall , . - 
performance, the a74nch — 
F560IW eamed.a higher 
quality rating and costs 
$500 less, Along with 
excellent image quality, it 
complies with both the 
MPR 11 emissions standard 
and the Energy Star power 
conservation standard. 
PAGE 214 


COMPLEX GRAPHICS 
AND PRESENTATIONS 


NEC 6FGp 
Though riot without flaws, 


4 the 6FGp scored where. it 


- counts: in Image quality. 


.. This 24.inch monitor - 


feceived the bestscore of... 
куш Qu Sable | 
оп our Image-quality, tests, 
and it achieved the - 

highest combined:quality 
score, The 6FGp'provides 
high-contrast levels and 
extremely low misconyer- 
gence. Offering high video 
bandwidth: and vertical 
refresh rates, the 6FGp 
provides 1280- by 1024- 

pixel resolution at up to 

74 Hz noninterlaced. Color 
controls and power-saving 
modes are standard, 

PAGE 220 
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THE BEST MONITORS FOR 


or general-business PC and Mac ap- 
plications that don’t require the high- 
est resolutions or largest display areas, 
15-inch monitors offer a good balance 
of size and price. On average, 15-inch mon- 
itors sell for half the cost of 17-inch monitors 
and offer approximately 92 square inches of 
viewing area—about 38 square inches less 
than a 17-inch display. However, if a 15-inch 
monitor and a 17-inch monitor operate at the 
same resolution, you won’t see any net dif- 
ference in “image real estate." That's because 
larger screens produce larger images, not 
more image space. So, for example, the two 
monitors will display the same number of 
rows and columns in a spreadsheet, but the 
spreadsheet cells on the 17-inch monitor will 
be bigger. 

Running a monitor at high resolutions in- 
creases space for displaying large spread- 
sheets and other documents (see "Is Bigger 
Better?" on page 218). However, there are 
trade-offs. Using a 15-inch monitor at 1024- 
by 768-pixel resolution results in substan- 
tially smaller characters than using the same 
monitor at 800 by 600 pixels. Unless the 
monitor is exceptionally sharp, we don't rec- 
ommend 15-inch monitors for resolutions ex- 
ceeding 800 by 600 pixels. (Nevertheless, in 
making our Best Overall, High Quality, and 
Low Cost selections, we conducted our image 
quality and sharpness tests in the 1024- by 
768-pixel resolution to provide the toughest 
tests of these monitors' display capabilities.) 

The Sceptre CC-615GL stood out as the 
winner in the Best Overall and High Quality 
categories. It 
scored above 
average on all 
but one of the 
quality tests, 
the contrast ra- 
tio test. 

The Sceptre 
CC-615GL of- 
fers a straight- 
forward com- 
| | bination of dig- 
— ital and analog 
controls. Individual push buttons for verti- 
cal and horizontal size and position control 
the placement of the image. Pressing any 
three of these buttons simultaneously enables 
pincushion adjustments. 

Zenith Data Systems’ ZCM-1540-UT 


Rankings for This Application Considered: 


IMAGE QUALITY 45% 


FEATURES 20% 


EASE OF USE 20% 


GENERAL BUSINESS 


ENERGY STARS BURN DIMMER 


The EPA (Environmental Protection Agency) awards an Energy Star label to 
monitors that use 30 W or less of power in their standby mode, and many of the 
monitors we tested carry the EPA's blessing [see the Roll Call on page 224). So 
far, no technology can dramatically reduce the current draw of monitors while 
they are fully active. But a power-down mode can drop current draw from ap- 
proximately 100 W to less than 30 W. The EPA estimates that people use their 
monitors only 20 percent of the time the displays are on, so power-down sav- 
ings could be considerable. 

The EPA’s guidelines cover only power-level targets, not the ways manufac- 
turers can reach these levels, so manufacturers have created a number of dif- 
ferent power management “standards.” One of the first monitors with power 
conservation features came from Nanao. The F series of products feature a mi- 
croprocessor-controlled system that watches Windows activity. If the monitor 
senses a blanked Windows screen, the control system initiates a partial shut- 
down of the high-voltage systems in the monitor, keeping only the CRT and 
microprocessor warm. When you press a key or move the mouse, the monitor 
turns on again. If no activity occurs within a user-definable period, the monitor 
enters a second level of power reduction, called the suspend state, which low- 
ers power consumption to around 4 W. Standby mode refers to the intermedi- 
ate shut-down level. 

There are trade-offs between these states. While the suspend state uses 
very little power, the monitor requires 8 to 10 seconds to power back up. The 
standby state uses about 30 W, but the monitor returns to a full image in just 
a couple of seconds. 

But implementations that require the monitor to constantly check on the 
CPU make it tricky to match monitors and computers. VESA has proposed 
DPMS (Display Power Management Signaling), a set of power management 
standards for communication between computers and monitors. DPMS gov- 
ems the signals used to initiate power reduction in monitors. It relies on Intel 
and Microsoft's APM (Advanced Power Management) specification to define the 
names, broad definitions, and recovery times of reduced power levels. The 
chart below details the APM conventions, along with typical values for the 
monitors we tested. 


APM STATE ON STANDBY SUSPEND OFF 


Power savings Моле Minimal (to under 40 W) Substantial (to under 4 W) Maximum 
Recovery time Not Short recovery Longer recovery System- 
applicable (2 to 4 seconds) (8 to 12 seconds) dependent 


DPMS uses the presence or absence of sync and video signals to control 
power levels. Using these rules as the common starting point, manufacturers of 
computers and monitors can use whatever technology is available to regulate 
the power consumption. 

If you are considering purchasing a new monitor, an energy-saving display can 
offer real operational cost savings. Make sure that the monitor will function with 
your “green” PC or with an external software package such as Windows screen 
blankers. Our tests also showed that simply using the standard Windows util- 
ity to blank the screen (totally blank—no flying appliances) reduces power 
consumption by an average of 23 percent, even for monitors not equipped 
with power management systems. 
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finished as a runner-up to the ШЕИ Bl DE DIEM В | GENERAL BUSINESS | 


Sceptre in both the Best Over- 


all and High Quality scorings. For the best balance of quality and features... 
It boasted the third-lowest pow- 


er consumption in its category BEST OVERALL | 

at just 66 W (the average was ааа АШАЙ Sceptre CC-615GL 

81 W). On both the screen con- 

trast ratio and misconvergence The CC-615GL combines excellent quality with a broad range of 


tests, however, this monitor «it features and a good ease-of-use score to win the Best Overall title. 


scored in the lower half of all Our legibility test using Word for Windows showed that the 15-inch 


15-inch monitors. Contrast ra- ss CC-615GL matched all the 17-inch and half of the 21-inch monitors 
tio is useful in determinin g in this quality test. The CC-615GL is also a power miser: It uses only 
which monitors can work well 63.6 W to display a full screen under Windows. The average for this category was 


81 W. A power management system to reduce power during CPU idle time is 


in high ambient-light environ- k ah, | — 
standard. The monitor is MPR Il compliant and offers simple-to-use screen controls. — 


ments. The misconvergence 
test may indicate a problem in 


correctly aligning the electron PRICE OVERALL QUALITY EASE OF POWERDRAW DOT/GRILL MAL HORIZONTAL MAC 
beanie. БЕШ levels ийа SCORE INDEX’ — USE — IMDEX — PITCH (MM) RESOLUTION (PIXELS) SUPPORT? 
vergence may result іп discol- 87 _ Sceptre c-615GL $555 839 936 ААА 1000 028 1024 
bs ur demi ging жал RUNNER-UP Zenith Data Systems ZCM-1540-UT $599 8.26 890 ААА 964 028 1024 
Mitsubishi's Diamond Scan ERP KFC CA1507 $495 8.05 833 AAA 930 028 1280 
| RUNNER-UP ADI Micro Scan 4GP $539 802 871 AAA 716 0.28 1280 
[SPS also rates runner-up Sha- н. мы йын 5645 7.87 879 AAAABOS ою 1024 v 


tus for both Best Overall and 
High Quality. This monitor 
uses multiple-function digital Need the clearest display? 


controls. You select a function 
HIGH QUALITY Sceptre CC-615GL 


using a pair of up/down push 

buttons; an LED indicates the 

function selected. | 

Controls for vertical and hor- The flat screen on this 15-inch monitor garnered consistently high scores in our Image- 

izontal size and positi on also quality tests. The CC-615GL had the best score in its class in the legibility test. It exhib- 
ited an extremely low amount of misconvergence: 0.054 mm versus the class average 
af 0.107 mm. This contributed to Its excellent results in the sharpness tests. Only its 

contrast ratio score of 5.4 was below the class average (5.7). The lackluster perfor- 


serve as pincushion adjustment 
controls, Separate sets of up/ 

mance їп the contrast ratio test may concern those working where there is a high level 
of ambient light. 


down push buttons set bright- 
ness and contrast. À status in- 
dicator lights when limits on 
these controls are reached. 


PRICE OVERALL QUALITY EASEOF — POWER-DRAW DOT/GRILL МАХ. HORIZONTAL МАС 


Other products deserving at- SCORE — INDEX USE INDEX PITCH (MH) RESOLUTION (PIXELS) SUPPORT? 

ei apis iin не BEST Sceptre CC-615GL $555 839 936 AAA 10.00 028 1024 
POMS RUNNER-UP CTX 1560LR $639 7.54 894 ААА 663 0.28 1024 v 

controls that let you adjust im- уннер yp zenith Data Systems ZCM-1A UT $599 826 890 AAA 9.64 0.28 1024 
age size and Position, COrrect pip yo Mitsubishi Diamond Scan t5FS $645 787 879 АААА 898 0.28 1024 v 
image tilt and pincushioning, руннерцр NEC 4FGe $755 7.16 873 A 7.91 0.28 1024 v 
recall factory mode settings, 
and set the power-down delay 
interval. Are you cost-conscious? 

However, the KFC CA1507 ! - 
suffers from noticeable moiré Ще" eie lL J KFC CA1507 


patterns when displaying full- 
color screens. It also shows lo- 
cal regulation effects—a shift- 
ing of the border outward when 
displaying bright blocks of 
graphics, like the status lines 
under Windows. On the other 
hand, its image-quality score 


KFC packs quite a lot Into this $495 product. The 15-inch CA1507 offers resolutions as 
high as 1280 by 1024 pixels at 60 Hz noninteriaced. The trade-off for low cost Is only 
average quality scores. The monitor provides a full set of image-adjustment controls, 
including píncushlon, imaga rotation, and power management. It uses the VESA DPMS 
power management control signals to meet Energy Star requirements. 


PRICE OVERALL QUALITY EASE OF — POWER-DRAW DOT/GRILL MAX HORIZONTAL MAC 


was well above average. SCORE INDEX — USE INDE PITCH (MM) RESOLUTION (PIXELS) SUPPORT? 
We rated the CTX 15600К sr KFC ca1so7 $495 805 833 AAA 930 028 1280 

excellent in image quality and ug gp Compac Mitac M1564PD $459 7.36 845 AA 855 028 1280 

scored it well above average 11 RUNNER-UP Fora Addonics C152LR $479 6.98 8.47 A 7.16 0.28 1024 v 

virtually all the quality tests.  muwwRJP MGC 15060 $499 7.46 8.19 AA 779 0.28 1280 Option 


However, its high power con- RUNNER-UP Zenith Data Systems ZCM-1540-UT $599 826 890 ААА 9.64 0.28 1024 
sumption, tested at 96 W, low- 
ers its overall score. Compare 
its rating to the Sceptre CC- RER 
615615 63.6 W. Ease of Use: Poor А Fair AA Good AAA Excellent AAAA 
* Higher numbers are better, 10.0 = best score. 
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SONY 


Vertically Flat. 


Look at the screen оп а Sony Trinitron? 
monitor. See how little glare there is? How 
sharp the details are? That's because the screen 
is flat from top to bottom. Screens on ordinary 
monitors arent, not even the “flat/square ones. 
And the difference shows. 

Sony Trinitron monitors also have a 
Super Fine Pitch" Aperture Grille for crisp text 
and bright images. Multiscan® technology 
for compatibility with most major graphics 
standards. And theyre available in 147 17, or 
20" sizes. 

So never settle for anything less than a 
Trinitron monitor from Sony.The ones with flat 
screens from top to bottom. For better images 
from edge to edge. @ 

Call 1-800-352-7669 (ext. 103) anytime for 


more information by rnail or fax. 


51993 Sony Electronics Inc. Reproduction к in whole or port without writien r- 
mission is prohibited. All rights reserved. Sony, Muliiscan, Super Fine Pitch and 
Trinitron рн mors of Som. 
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How We Tested 


e tested monitors with a com- 
bination of hardware and 
software tools that were de- 
signed to examine every as- 
pect of screen quality, power consump- 
tion, and ease of use. To do this, we 
conducted more than 40 separate visual 
inspections on each monitor. All tests 
were performed at a standard resolution 
of 1024 by 768 pixels using a VESA- 
compliant vertical refresh rate of 70 Hz. 
VESA considers this to be the lowest 
recommended vertical refresh rate at this 
resolution to avoid screen flicker. We 
used #9GXE video adapters by Num- 
ber Nine in Compaq Deskpro 66M com- 
puters for our test bed. 

The eye is superb at seeing differ- 
ences in video quality, but the brain is 
poor at remembering them, so we used a 
video splitter to send test-screen images 
to three sample monitors as well as to 
the monitor under test. The three con- 
trol monitors represented the low, mid- 
dle, and high range of quality in our test 
sample. 

The video splitter took the video sig- 
nal from the computer, amplified the 
signal, and split it into four channels. 
The test monitor received one channel, 
and the control monitors received the 
remaining three channels. Because all 
four monitors showed the same image 
simultaneously, we could easily com- 
pare the test monitor' s image quality to 
that of the best and worst monitors we 
evaluated. 


IMAGE QUALITY 


Our overall display quality score was 
based on a number of screen tests. To 
gauge image quality, we used 26 differ- 
ent screen images in Sonera Technolo- 
gies’ DisplayMate Professional to help 
us examine quality characteristics rang- 
ing from blooming (in which brighter 
images become larger and more unfo- 
cused than darker images) to local reg- 
ulation (i.e., distortion caused by high- 
intensity images, frequently seen under 
Windows at the status bar). Each moni- 
tor was given a score of from 1 to 10 
based on how it displayed each of the 
26 screen images. We summed these re- 
sults and gave each monitor a final score 
based on that total. 

To measure image sharpness across 
the entire display area, we wrote a cus- 


tom utility using Microsoft | 
Visual Basic. This program 
produces images of boxes 
and lines at the selected Win- 
dows resolution of 1024 by 
768 pixels. The box test pro- 
duces 1- and 2-pixel-thick 
red, blue, and green boxes at 
the outside edges of the 
screen. We examined each 
monitor's ability to display 
these boxes with a black line 
between the boxes. 

A second series of images | 


measures the ability of each Testing team (clockwise from left): Andrew J. Froning, Siva Kumar, Chandrika Krishnamurthy, 


monitor to display fine ver- and Alan Joch. 
tical and horizontal lines. 
Again, we tested with red and green 
lines separated by a black line. We rat- 
ed each monitor using a set of precise 
scoring guides that instructed the tester 
to assign point values based on the 
screen image. We averaged the scores 
for the 28 measurement points that made 
up this test. 

DisplayMate Professional also pro- 
vided a systematic approach to measur- 
ing geometric distortion. Distortion 


manifests itself as oddly shaped screen 
images. The image may appear as a 
trapezoid or a barrel shape, with the tops 
or sides of the display area not parallel 
or at right angles. We measured the 
length of a series of lines displayed on 
the monitor, and the program calculated 
the percentage of distortion. Prior to 
testing, we used the monitor’s controls 
(if any) to visually correct any existing 
distortion. continued 


TWO IMPORTANT QUALITY GAUGES 


Convergence is the monitor's ability to precisely illuminate specific phosphor 
dots. To create a white dot, the electron beams must accurately ` 
converge on a single color triad. Misconvergence displays 


itself as white areas or lines that have a tinge of red, blue, 
or green. We measured misconvergence with an opti- 
cal gauge manufactured by Klein Optical (Portland, 
OR). Using red, blue, and green prisms, the instrument 
reconverged a white line displayed on the test monitor. 
We calculated the amount of misconvergence from the 
amount of correction required. Lower amounts of mis- 
convergence received higher scores. 


Кіем convergence gauge 


We measured contrast ratio—in other words, the amount of contrast be- 
tween the light and dark areas on the display—because this is one of the keys 
to visual clarity. Contrast differs from brightness as it represents the dif- 
ference in the luminance levels among objects. While brightness is important 
for discerning a black cat on the floor of a darkened room, contrast is nec- 
essary to find a polar bear in a snowstorm. We used a Tektronix J1823 Nar- 
row Angle Luminance probe to measure the luminance levels between a 
bright white square in the center of the image and the unilluminated border 
surrounding the square. A higher ratio provides greater contrast, which 
makes the monitor more usable in conditions of high ambient light. 
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SO ADVANCED 
IT EVEN TURNS ITSELF ОЕЕ — 


ммо 

MAGAZINE 
ANNUAL 

WIN AWARD 


HexSean FSS 


anao, the technical leader in monitors has done it 
again. In addition to being the top choice of 
todays CAD/CAM, DTP and Windows users, 
Nanao's award-winning FlexScan monitors 
now have a remarkable energy-saving system — 
Power 
PowerManager works with all green computer 
systems including VESA DPMS (Display Power 
Management Signaling). But users don't have to 
own a new green computer in order to take 
advantage of the PowerManager to save energy. Our 
PowerManager works with any existing PCs with a screen 
saver software, including Windows 3.1 and After Dark. 
Activating when the blank screen of the screen saver appears, 
PowerManager cuts operating power to less than 8% of total 


consumption. It also automatically powers the monitor down 


љ 


NANAO USA CORPORATION M / 


23535 Telo Avenue, Torrance, СА 90505 
(310) 325-5202 


H ЧЛ Ay 


| \МЛО 


to a stand-by mode when the computer is turned off. The 
PowerManager can save users as much as $63 per year 4 


on utility bills (Source: E Source). PowerManager has | 7 À 


placed Nanao at the forefront of the Environmental B 


Protection Agency’s Energy Star 
PowerManager is now the 


of our 15”, 17”, 20” and 2T" monitors. All Nanao ® 


energy-saving monitors feature superior Invar 

Shadow Mask and Trinitron CRTs with non-flicker 

ultra-high resolution. Their ergonomic features 
include compliance with MPR-I/TCO low radiation emission 
standards and anti-reflective treatments. Best of all, they can 
power down. So when you're not working, neither are they. 

Nanao FlexScan monitors. Intelligently designed. Incredibly 

useful. And now, built to help protect our environment by 
reducing energy consumption. 
"The Energy Star emblem does not represent EPA endorsement of ary product or service. 


1-800-800-5202 


Superior In Every Detail 
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The tests just described look at spe- 
cific quality characteristics. Our legi- 
bility test, however, provided a real- 
world measurement of monitor quality. 
Using Microsoft Word for Windows, 
we constructed a document featuring 
six standard typefaces at point sizes from 
4 to 14 points. We then determined at 
what point size the text samples were 
both readable and legible. We judged 
text to be readable if it could be dis- 
cerned without strain from a standard 
reading distance of 24 inches. We con- 
sidered text to be legible if it could be 
discerned from any distance less than 
24 inches without the use of aids such as 
magnifiers. 

For consistent results, only one tester 
conducted this test. In all our subjective 
tests, each tester conducted one com- 
plete set of tests on all the monitors. 
This system worked to eliminate scoring 
variances. 

In our charts, higher numbers indi- 
cate better quality. The highest overall 
quality score we awarded was 9.64, for 
the NEC 6FGp, a 21-inch display. The 
lowest score was 7.54 for Megatron 
Computer Systems’ Megalmage L15- 
MG, a 15-inch monitor. We found that 
the difference between a score of 9.5 
and 7.5 is apparent to most monitor 
users. A 1-point difference is harder to 
discern visually unless you're looking 
for specific problem areas. Seeing dis- 
tinctions in monitors whose scores dif- 
fered by less than 0.5 point requires a 
sharp eye and some idea of what to look 
for, unless you're aided by software or 
hardware that gauges quality. 

We did not evaluate color correctness 
because of the difficulty in accurately 
measuring this and because people who 
need exact color reproduction must cal- 
ibrate monitor color values to other hard- 
ware devices, such as printers and scan- 
ners. If you need accurate color, we 
advise you to choose a monitor that al- 
lows for color adjustments and to per- 
form your own color tests before making 
a purchase (see “Color-Matching Mon- 
itors" on page 220 and “Do-It-Yourself 
Monitor Testing” on page 222). 

To arrive at our overall quality score, 
we weighted the image-quality and im- 
age-sharpness tests equally; together 
they accounted for 40 percent of the to- 
tal quality score. Convergence scores 
represented 20 percent of the total, fol- 
lowed by legibility at 30 percent and 
contrast ratio at 10 percent. 
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HowWe Tested (continued) 


Power muttimeter 


POWER 
CONSUMPTION 


We tested power consumption by mea- 
suring each monitor’s current draw. Us- 
ing a digital multimeter connected to 
the monitor's power system, we took 
readings when the monitor displayed a 
full Windows screen and when the 
screen was blanked. For monitors with 
power management features, we mea- 
sured power consumption in the active, 
standby, and suspend modes. Only the 
full-screen Windows figures are pub- 
lished and scored. 

The Roll Call lists wattage consump- 
tion for all the monitors. The summary 
charts in each of the display-size rank- 
ings list power scores based on a 10- 
point index. Higher numbers indicate 
that a monitor used less power than an- 
other product in that size class. 


EASE OF USE 


To evaluate how easy it was to set up 
and use each monitor, we considered 
the various adjustment controls, cabling, 
and tilt/swivel bases, as well as the doc- 
umentation that came with the monitor. 
We ranked monitors on the placement, 
range. and ease of adjustment for im- 
age controls. Controls typically include 
adjustments for brightness, contrast, hor- 
izontal and vertical size and position, 
pincushion (distortion), and degaussing. 
Some products include controls for col- 
or matching, phase adjustment, and re- 
setting or saving settings. A greater 
range of controls combined with front- 
panel locations earned a higher score. 
For making adjustments, most of the 
products featured digital controls using 
push buttons instead of analog thumb 
wheels. We judged that digital controls 
offer a wider range of adjustments than 
analog controls. But sometimes the sheer 
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number of controls and their poor de- 
sign and layout made digital controls 
more difficult to use. 

We also rated monitors for the range 
of tilt and swivel of their bases (all man- 
ufacturers included such bases with their 
products). In addition, we considered 
the ease of panning or tilting the monitor. 

Products also received higher scores 
if their video cables were longer than 
average. We reviewed documentation 
for clarity and completeness. Finally, 
products received higher scores if they 
offered a wider range of technical-sup- 
port options, such as toll-free phone ser- 
vice and on-line services. 


FEATURES 


We evaluated monitors for features 
such as the number of factory-preset and 
user-definable resolution modes, video 
connectors, maximum usable screen 
area, weight, maximum resolution, and 
compliance with MPR II standards for 
emissions and EPA's Energy Star stan- 
dards for power consumption. 

Best Overall winners in each size cat- 
egory had the highest scores based on 
the weighted average of scores in the 
quality, image-sharpness, usability, fea- 
tures, power consumption, and distor- 
tion tests. Quality scores accounted for 
45 percent of the total score, while fea- 
tures represented 20 percent, followed 
by ease of use (20 percent) and power 
usage (15 percent). We used the scores 
for quality, sharpness, misconvergence, 
and distortion to select High Quality 
winners. Low Cost winners were those 
monitors priced below the average for 
the size class and having the highest ra- 
tio between overall scores and price. 


Contributors 


Andrew J. Froning, Editar/PC Digest, an NSTL 
publication, spent the last three years testing 
monitors, systems, and computer peripherals, 


Alan loch, Senior Editor/BYTE, coordinates the 
combined testing between the BYTE Lab and NSTL. 


Chandrika Krishnamurthy, Technical Analyst/ 
NSTL, evaluates computer peripherals and systems. 


Siva Kumar, Technical Analyst/NSTL. specializes 
in hardware and network operating-system testing. 


André Whittle, Consuliant/NSTL. has evaluated 
computer hardware for the Canadian government. 
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МАКЕ A 15-INCH 
MONITORT HATS MORE 
AFFORDABLE YET 


OUTPERFORMS 
THE FABULOUS MAG 


MX15F? 


NEW AND IMPRDVED 


MPR Il 

* PINCUSHION 

CONTROL 

*16 PRESET "MPR 1! 

& 8 USER *PINCUSHION 
MODES MARCH 1993 CONTROL 


* f 
NEW PRICE! MX ISF *TiLT CONTROL 


*16 PRESET & 
B USER MODES шү 1992 
a NEW PRICE! MX 17F 


INTRODUCING THE NEW AND IMPROVED MX SERIES. ONCE AGAIN, MAG INNOVISION PUSHES THE 
STATE-DF-THE-ART IN HIGH-PERFORMANCE 15-INCH AND 1'7-INCH COLOR MONITORS. E Low ЕЦЕС- 
TRO-MAGNETIC AND STATIC EMISSIONS THAT MEET THE SWEDISH MPR il GUIDELINES ARE NOW 
STANDARD, ll WE'VE INCREASED THE PROGRAMMABLE TIMINGS TO 16 PRESET AND B USER TO SUP- 
PORT NEW HIGH-REFRESH VIDEO MODES. lll WE'VE ADDED PINCUSHION AND TILT* CONTROLS FOR 
DISTORTION-FREE DISPLAYS. BEST OF ALL, WE'VE MADE THEM MORE AFFORDABLE. BM Ask YOUR 
DEALER FOR A DEMONSTRATION OF THE NEW MX15F AND MX17F MONITORS. OR CALL US FOR 
MORE INFORMATION AT BOO-82'7-3998, 714-751-2008 (in Са), FAX: 714-751-5522. 


© груз, MAG InnoVision, Inc, АЙ rights reserved. MAG MAG INNOVISION, INC. 
Inno Vision and its logo are trademarks of MAG Inno Vesion. 
All other brand and product names are trademarks or regis- 
tered trademarks of their respective owners. * MX17F only. SANTA ANA, CA 92704 INNOVISION 
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Ithough the monitor is the most 
visible part of your display sys- 
tem, it's only one third of the 
imaging puzzle. The primary 
piece is the video graphics adapter, 
which takes the data from the CPU and 
processes it into the signals that feed the 
image to the monitor. 


VIDEO ADAPTERS 


Video adapters are growing in type and 
number (see next month’s Lab Report 
for a comparison of video adapters). 
Conventional VGA adapters convert the 
digital data from the CPU to analog in- 
formation before sending the data to the 
monitor. Accelerated video adapters use 
special chip sets to speed up the pro- 
cessing of GUI operations by off-loading 
some of these operations from the cen- 
tral CPU. Many high-end adapters also 
offer 24-bit color rendering, which re- 
quires additional on-board RAM for 
storing processed data. 

For highest quality, match a power- 
ful adapter to a monitor capable of re- 
ceiving the data at high vertical and hor- 
izontal frequencies. Carefully review 
the refresh-rate specifications for both 
monitors and adapters, even when ven- 
dors claim VESA compliance. An adapt- 
er may use a standard refresh rate of 70 
Hz for 1024- by 768-pixel resolution 
but use one of a number of different hor- 
izontal frequencies. If the horizontal fre- 
quency doesn’t match that preset by the 
monitor manufacturer, you'll have to 
adjust the image for size and placement. 
In most cases, the problem is tempo- 
rary, since you can save the adjustment 
as a user-definable setting. But you'll 
need to exercise care in matching an 
adapter and monitor when buying a 
fixed-frequency monitor. If you find that 
you can accept the limitations of these 
monitors, the reward is economic: Often 
they are the lowest-priced displays. 


DISPLAY DRIVER 


The fina! piece in the puzzle is the dis- 
play driver. In the standard VGA reso- 
lution mode of 640 by 480 pixels, all 
adapters should function without spe- 
cial drivers. At higher resolutions, driv- 
ers provide the programming interface 
between the operating system and the 
video adapter's hardware. 

Most adapters now provide special- 


ized drivers for Windows 3.1. If you use 
OS/2 or applications that aren't Win- 
dows-based, such as CAD/CAM pro- 
grams, make sure that proper drivers ex- 
ist before making a purchase. If you 
have had your adapter for a while, it 
may pay for you to contact the manu- 


The Keys to Image Quality 


facturer for a driver update. Updated 
drivers are often available from a ven- 
dor's BBS. The time you invest in get- 
ting a new driver may pay off. We found 
significant differences in performance 
from the same adapter simply by using 
updated display drivers. 


Terms 


Aperture grill 

In Sony's Trinitron picture tubes, a thin plece 
of metal with long vertical slots through 
which electron beams pass before striking 
the phosphors (see Shadow mask). 


Blooming 

A monitor image that appears to grow in size 
or “bloom” when it is brightly illuminated. 
This occurs most often with bright white 
characters or objects and causes illegible 
text, because characters become unfocused 
as the pixels spread and diffuse. 


Degaussing 

The realigning of monitor electron beams to 
reduce screen discoloration. Discoloration 
occurs when a monitor's electromagnets 
succumb to interference from the earth's 
magnetic field after a monitor is tilted or 
moved. Many monitors automatically 
degauss at power on; others offer a manual 
degauss control. Cautlon: Repeated 
degaussing within a short time span can 
damage a monitor's control circuitry. 


Dot pitch 

The distance between the centers of red, 
green, and blue phosphor dots that make up 
the color triad. Smaller distances generally 
mean greater resolution, since smaller dots 
produce more dense characters and 
graphics. In products using the Trinitron 
aperture grill, the dot pitch refers to the 
center-to-center distance of the vertical grill 
openings. 


Fixed-frequency 

Describes monitors that support video 
signals at one of a limited number of 
combinations. These combinations must 
match frequencies supported by the display 
adapter used with the monitor. 


Flicker 

A visual effect that results when an image 
starts to fade before the monitor's electron 
beam scans the screen. High refresh rates 
reduce flicker and keep images sharp and 
stable. Higher resolutions require high 
refresh rates to avoid flicker. 


Horizontal frequency 

The number of lines illuminated on a monitor 
screen in 1 second. Increasing resolution 
requires greater horizontal frequency. 


Interlaced displays 

Interlacing divides the display screen into 
two fields of odd and even scan lines. In one 
pass, the electron beams refresh the even 
lines, and on the next pass, it illuminates 
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odd lines. interlacing is principally used on 
devices supporting the 8514A display mode, 
and the technique can produce noticeable 
flicker. 


Misconvergence 

Occurs when the electron beams scan the 
dots of the wrong red-green-blue triad, 
The result is colored edges on white 
objects or characters. Large amounts of 
misconvergence appear as shifted 

colors, as when printed four-color images 
are misaligned. 


Multiscanning 

A multiscanning monitor supports an 
unlimited range of horizontal and vertical | 
frequencies within the limits of its controlling 
electronics. Muitiscanning monitors offer the 
most flexibility in working with a variety of 
video display adapters. Most manufacturers 
offer some number of preset modes—that is, 
combinations of vertical and horizontal 
frequencies where the image is pretuned to 
fill the screen and center itself. The more 
presets offered, the less chance there is that 
the user will have to adjust the image 
manually. (See Fixed-frequency.) 


Noninterlaced displays 

In noninterlaced displays, electron beams 
scan every line of the display on each vertical 
sweep. Noninterlaced displays are generally 
more visually pleasing and are less likely to 
cause eyestrain than interlaced monitors. 
(See Interlaced displays.) 


Resolution 

Image quality based on the size and amount 
of pixels used to display an image. 
Increasing resolution requires more and 
smaller pixels. Standard VGA resolution is 
640 pixels horizontally and 480 pixels 
vertically (we tested monitors capable of 
resolutions as high as 1600 by 1200 pixels). 


Shadow mask 

А piece of thin metal with minute holes that 
allow electron beams to pass through before 
striking the phosphors (see Aperture grill). 
These masks help the electron beams to 
strike the correct phosphor dots. For 
example, the mask blocks the electron beam 
for red from illuminating blue phosphors; in 
other words, it creates a shadow over the 
blue and green dots when the beam for red 
passes. 


Vertical refresh rate 
The speed at which the electron beams scan 
across the screen from top to bottom. 


Leading the way in display technologies, CTX 
provides you with the total monitor solutions. 


1-800-888-2012 
Pricing — pps (909) 594-8973 


Climb aboard. 


[T —; 
macie. (90 9000 


Certífied Competitve 


Quality 


Monitor Specialists 


CTX INTERNATIONAL, INC. 


USA Headquarters 


South Region 


205230 Earlgate Street 6090-F Northbelt Pkwy 


Walnut, CA 91789 
909/595-6146 
Fax 909/595-6293 


Norcross, GA 30071 
404/729-8909 
Fax 404/729-BB05 


East Region 

146 Division Place 
Hackensack, NJ 07601 
201/646-0707 

Fax 201/646-1998 


H: 30-40 Kit 
ү: 50-90 Hz 0-0 


, ing а monitor? See your CTX dealer today. 


Midwest Region Southwest Region 
500 Park Blvd., Ste. 295C 1225 E. Crosby Rdl., A2 
hasca, IL 60143 Carrollton, TX 75006 
708/285-0202 214/416-9610 

Fax 708/285-0212 Fax 214/245-7447 


© Copynght 1993. CTX Intemational, Inc. АЛ nghts reserved. All brand or product names are trade marks or registered trademarks of their respective owners. 
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THE BEST MONITORS FOR 


f you need to increase your viewing real 
estate to see more spreadsheet cells, 
show an entire CAD drawing, or dis- 
play multiple windows, consider a 17- 
inch monitor. We tested 31 products in this 
size category, as well as two 16-inch prod- 
ucts from Mitsubishi and SuperMac. 

Like the 15-inch monitors, all the 17-inch 
monitors support at least 1024- by 768-pix- 
el resolution at 70 Hz. Only the Sony CPD- 
1730 and,the Arche 217AX do not support 
1280 by 1024 pixels. However, the newer 
Sony GDM-17SEI provides resolution 
modes of up to 1600 by 1200 pixels, as do 
products from IBM, Sampo, ViewSonic, 
and Philips. The 16-inch SuperMac E- 
Machines T1611 supports a maximum of 
1152 pixels horizontally. 

Do you need the extra resolution? Re- 
member that as the resolution increases, text 
and objects such as icons get smaller. We 
believe that a 17-inch monitor provides ex- 
cellent viewing at 1024 by 768 pixels, but 
you need to be sharp-eyed to enjoy working 
at 1280- by 1024-pixel resolution on a screen 
area roughly 30 percent larger than a 15- 
inch monitor's. 

We conducted our quality tests at 1024- 
by 768-pixel resolution. Our sharpness tests 
indicate that at the same resolutions, 17- 
inch monitors look sharper than 15-inch dis- 
plays. We found this to be especially true 
in our Word for Windows legibility test, 
where the average score was 10 percent to 
20 percent higher for the 17-inch products. 
One drawback of a larger viewing area 


Emissions Overview 
There has been a great deal of discussion in recent years over the possible 
safety hazards posed by monitors. Some state governments and safety 
officials are concerned about emissions of VLF (very low frequency) and 
ELF (extremely low frequency) magnetic and electric fields. 

One of the first governing bodies to regulate such emissions from 
VDTs was the government of Sweden. Through SWEDAC (Swedish 
Board for Technical Accreditation), the Swedish government has 
developed a set of guidelines for the allowable strength of such 
emissions. The newest set is referred to as the MPR II specs. 

Efforts in several U.S. jurisdictions to regulate VDTs have run into 
problems in the legislative and judicial systems. European countries are 
much more active in their pursuit of low-emission computer peripherals. 
Thus, companies selling in the worldwide market have been forced to 
produce low-emission products. 

Whether this effort is needed is 
still a question that puzzles 
medical researchers. No widely 
accepted evidence of harm caused 
to humans by VDT emissions has 
been published. But clearly, lack 
of evidence notwithstanding, it 
pays to be safe rather than sorry. 
All but seven of the monitors in 
this report provide MPR II 
compliance (see the Roll Call on | 
page 224), and the formerly large pricé gap between "P and 
noncompliant products is typically small today. 

Additional products tested may meet emission standards, but we did 
not list them as doing so if we did not receive a specific letter to that 
effect. Buyers should carefully examine product specifications regarding 
emission controls. We found that not all products in a single product line 

| met the specifications, and on some monitors, such as the Compac Mitac 


is a larger price: The average in this class | M1564PD, it is optional. 


was $1200, nearly twice that of the 15-inch | 

monitors, although the lowest price for a 

17-inch monitor ($799 for the Fora Addonics C172A/LR) is 
actually a few dollars below the highest 15-inch monitor cost. 

Nanao reigned in our rankings for Best Overall, with three 
products in our top seven picks. We also rated monitors from 
Sigma, IBM, and NEC highly 
for Best Overall. 

Sophisticated user interfaces 
also distinguish these products: 
Virtually all use digital controls 
to manage image size, shape, 
and color. 

Acer America goes even fur- 
ther with its AcerView 761 by 
providing an on-screen display. 
This is an advantage over many 
monitors with small and hard- 
to-read icons that we found dif- 


Rankings for This Application Considered: 
| IMAGE QUALITY 45% 
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ficult to identify, especially in the dark. 

Other items common in 17-inch displays but not on the 
smaller monitors are BNC vidco connectors (for RGB and 
sync inputs) and dual connectors or cables supporting both 
Macintosh and PC video. 

Our choice for Best Overall winner is the Nanao F560iW. 
Although it shares virtually identical overall scores with the 
Nanao T5601, the F5601W had a higher quality rating than 
its more costly sibling. The third Nanao product, the F550iW, 
costs less than the other two and had similar quality scores. It 
uses a 0.28-mm dot-pitch mask, while the F560iW makes 
use of a 0.26-mm shadow mask and the T560i uses a Trinitron 
0.25-mm aperture-grill mask. 

Looking only at image quality, however, three products 
rated higher than the Nanaos. The IBM 17P uses a Sony 0.26- 
mm-pitch Trinitron tube, which garnered the highest rating 
in the image component of our quality tests. The Trinitron 


SPREADSHEETS AND GRAPHICS 
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Мылы үч s s reges беты жеш] Opel ee a a тиў cf NEC Tacieicges, be © 109) NTC Techecoges, re NIC OL ASG SOORE AGES 241 


siest monitors to face for hours and hours: ours. 


a17" and 21° CATs yeild 15.6" and 19 B° viewable scraen areas 


If you spend a lot of time in troni of a big monitor 
our feeling is that it had better be a great big monitor. Our 
new Professional Series 17" MultiSync" SFGp and 21" GFGp 
monitors, for example. They're ideal tor CAD/CAM, advanced 
desktop publishing, document imaging and more, because 
they give you the crisp, rock-steady images and vibrant colors 


NEC has long been known for. Plus, many other advanced fea- 


маран ping t ies tov A ME Manager System. “And - 


: TEN. 


y virtually eliminates glare without 
ae ig focus ‘or color. Add to that our 3-year 
oe Ms " 2 =: 

d we ic ме these are monitors that will 


na opp n Tot just for for hours and hours. But for 


э, у: 


а information, call 1-800-NEC- INFO. 
= <. 
ге via fax, call 1-800-366-0478 


and request document #174101 and 214101. 


Circle 95 on inquiry Card. М EC 


picture tubes tend to produce 


3 вҮтЕ EISEN SPREADSHEETS AND GRAPHICS | 
strong, vibrant colors. When " | 


evaluating Trinitron-equipped Need the best in performance and ease of use? 
products, remember that you а 


аге supposed to see two thin А 

lines running through light-col- Nanao F560iW 

ored screens. These are tiny 

wires inside the tube that sup- p Our scoring places two 17-inch Nanao products, the F560iW and the 
port the aperture grill. The IBM QVE T5601, almost dead even. Although both offer excellent image quality 
monitors that we evaluated are (the T560i uses a Trinitron picture tube from Sony, while the F560iW 
available from IBM's new PC uses a Toshiba tube), we gave the F560IW the edge for displaying 
Company as peri pherals sepa- slightly better images at a price that's $500 lower than the T560í's. 
rate from system bundles. Each offers support for Macintosh users. 


SuperMac's E-Machines 


TPI6II, a 16-inch monitor, also PRICE OVERALL QUALITY  EASEOF © POWER-DRAW DOT/GRILL MAX HORIZONTAL НАС 
uses a Trinitron picture tube SCORE — INDEX (БЕ INDEX PITCH (MM) RESOLUTION (PIXELS) SUPPORT? 
and is principally sold in the BEST Nanao F560IW $1699 824 895 AAAA 5.14 0.26 1280 v 
Macintosh market. Its high ЖЕАР Nanao T560i $2199 823 845 AAAA 771 0.25 1280 v 
quality may warrant some con- -— y ErgoView 17 ES des 9.080 AAA 621 0.25 1280 v 
sideration Tram DOM Windows 7P 9 8.00 9.18 ААА 651 0.26 1600 4 
RUNNER-UP NEC 5FGe $1155 8.08 856 AAAA 7.71 0.28 1280 4 


users as well. 
Our Low Cost winners were 


tougher to judge, since there iS Want the clear winner for quality? 


a real disparity between low 
cost and high quality. For ex- | 

ample, the winning Fora Ad- IBM 17P 

donics C172A/LR had the low- 

est price of the monitors ranked ; | Anew product from IBM's new PC Company, the 17P was the clear winner for Image 
for low cost, but its quality quality in this class. We rated it best among 17-Inch monitors on the image-quality 
score ranked third. Two prod- screen tests, and it proved best at the legibility and sharpness tests. Based on a 
ucts that retail for around the Sony Trinitron tube, the 17Р offers VESAcompliant power management. MPR Ii 
$1200 average cost and have compliance, and a complete set of controls for adjusting the screen and color 


excellent overall scores are the нр ШОП... 
ІВМ 17Р and the NEC 5FGe. 7 


— u M — 


Е ‘oh i | PRICE OVERALL — QUALITY EASE OF — POWER-DRAW DOT/GRILL MAX. HORIZONTAL МАС 
НДА quani gE SCORE МК USE МЕ PITCH (MM) RESOLUTION (PIXELS) SUPPORT? 
and ease of use, but it received 
БТН TSH TOPO FR oat ир Hie ош haê am ж WÉ ә 
[игез and power consumption. W НЕ ЕДИН $ j ; | 
One aspect that all ourevalua, WR SuperMac E-Machines 1181 — $1399 7.81 897 ААА 6.84 026 1152 и 
Sat om was the hich amount АЕТ Nanao FS60IW $1699 824 895 AAAA 5.14 0.26 1280 v 

| E RUNNER-UP Chenbro DaVinci EZ550 $1000 751 879 A 7.11 0.26 1280 и 


of glare on the polished screen 
surface of the 5FGe. NEC sells 
a screen that substantially re- 
ducesthe glare, Бии аш е ть 
creases image brightness. Per- киет . i | 
haps as compensation, the LOW COST Fora Addonics C172A/LR 
SFGe had the highest contrast 
ratio among 17-inch monitors. 
Two other monitors, the 
ADI Micro Scan AP and the 
KFC CA1718, merit consider- 
ation for low cost because of 
their above-average overall 
performance. The Acer Acer- 


When price matters most... 


This $799 monitor can display resolutions of up to 1280 by 1024 pixels. When 
operating at 1024 by 768 pixels, this 17-inch monitor can run at an eyestrain- 
avoiding vertical refresh rate of 76 Hz. The C172A/LR is easy to use, with 16 preset 
and 15 selectable mode settings. Front-panel controls let you quickly adjust picture 
size and position, as well as reduce display distortions such as side and barrel 
pincushion effects. However, the trade-off for the monltor's low price is performance 
that's only adequate. Its overall score falls below the median for this group, and it 


View 76i also made a respect- received the lowest usability score of the monitors ranked here. 
ible showing. Ailthree-sell р ma ———————_— 
under $1000 and feature pow- PRICE OVERALL QUALITY EASEOF © POWER-DRAW DOT/GRILL MAX. HORIZONTAL МАС 
er management and MPR II SCORE INDEX USE INDEX PITCH (MM) RESOLUTION (PIXELS) SUPPORT? 
compliance. BEST — Fora Addonics C172A/LR $799 7.16 842 A 6.35 0.28 1280 v 

We measured the average RUNNER-UP КРС СА1718 $895 7.85 827 ААА 7.94 0.26 1280 
power consumption of 17-inch RUNNER-UP Acer AcerView 761 $899 7.54 8.45 AA 5.51 0.27 1280 
monitors at 96 W when run- RUNNER-UP ADI Micro Scan 5A $949 785 872 ААА 7,71 0.26 1280 

RUNNER-UP ADI Micro Scan АР $949 7.76 806 AAA 7.30 0.26 1280 


ning a full-screen Windows im- 

age. Compare that to 81 W for 

15-inch monitors and 115 W 

for 21-inch products. Ease of Use: Poor A Fair AA Good AAA Excellent AAAA 
* Higher numbers are better; 10.0 = best score. 
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Is ы Better? 


f a 15-inch monitor is 4 


To pus uM = 


better than a 12-inch, E 
and а 17-inch is more WES 
fun than a 15-inch, then XJ 
a 21-inch monitor should be 
power-user heaven. right? Per- 
haps, but before you plunk down 
$3000 for one of the gorgeous 
monitors reviewed here, let's re- 
view some facts to make sure a 
large monitor fits your applica- 
tions. 
Compared to smaller moni- 
tors at the same resolutions, larg- 
er monitors do provide more leg- 
ible characters. Our sharpness 
and legibility tests showed this 
to be true: the 21-inch class of 
monitors had the highest 
quality scores among all the | 
monitors we tested. | 


RESOLUTION 


Logically, it makes sense that 
larger monitors provide higher 
quality. If you use the same num- 
ber of pixels to make a screen 
image, a larger screen gives larg- 
er characters, making the char- 
acters more legible. 
Under Windows at 1024- by 
768-pixel resolution, a 21-inch 
monitor looks more readable 
than a 15-inch monitor because 
of the difference in character 
size. Increasing Windows res- 
olution to 1280 by 1024 pix- 
els increases the number of 
characters available but re- 
duces their actual size. Thus, 
there is always a trade-off be- 
tween the size of the Windows 
desktop and the size of the char- 
acters. Simply because a 15-inch 
monitor can handle 1024- or 
even 1280-pixel resolution does 
not mean that the text will be 
large enough to enable you to 
read what you type. 
If you want more Windows 
desktop real estate, change your 


ay ey 


У ра AeA Sete E tay 


resolution mode. For instance, 21-inch moaitor displaying 1280 by 1024 pixels. 


increasing resolution expands the 

number of rows and columns in your 
Windows spreadsheet. At 800 by 600 
pixels, the default Excel spreadsheet 
gives you 27 rows and 12 columns. At 
1024 by 768 pixels, you jump to 37 rows 


and 15 columns. Finally, at 1280 by 
1024 pixels, Excel provides 49 rows and 
19 columns. (Obviously, changing the 
default row height and column width 
also increases or decreases the number 
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of visible cells.) Increasing the size 
| of the monitor only makes those 
characters easier to read. The char- 
acter size on a 15-inch monitor at 
800- by 600-pixel resolution is al- 
| most identical to that on a 21-inch 
monitor at 1280 by 1024 pixels. 


VIEWING 
| DISTANCE 


| Remember that the larger the mon- 
itor, the greater the viewing dis- 
tance it requires. Ideally, you should 
sit at a distance that allows you to 
see the entire screen without ex- 
cessive head or eye movement. 

For a 15-inch monitor, that dis- 
tance seems to be about 18 inches; 
for 17-inch products, about 24 inch- 
es; and for the 21-inch displays, 
more than 32 inches. Of course, the 
farther you move back from the 
monitor, the smaller things appear, 
so again, character legibility be- 
comes an issue. 


SIZE 


Another consideration in deciding 
on monitor size is space. Large 
monitors are just that—large. Think 
of placing your 20-inch color TV 
on top of your desktop computer. 
In addition to the weight factor 
(would your desk support an addi- 
tional 70 or 80 pounds?), these 
monitors occupy a huge amount of 
space. They also use more energy 
and thus produce more heat and 
! other emissions. 
| Large monitors are good for do- 
| ing group presentations, detail work 
| like CAD/CAM, or color imaging. 
| For more typical Windows appli- 
| cations, 17-inch monitors let you 
make use of higher resolutions and 
more real estate at much less cost. 
Where money and space are con- 
| siderations, a high-quality 15-inch 
| monitor will provide excellent ser- 
| vice at the cost of some additional 
spreadsheet scrolling. Our best ad- 
vice is to experiment with differ- 
ent resolutions on several sizes of mon- 
itors, running the applications you use 
most, before you buy. Hands-on expe- 
rience is the best way to find the moni- 
tor that's most comfortable for you. 


Is Brutus*, the King of Monitors, 
So Impressed by the f 9 ^ SCEPTRE? 


Among the finest 15-inch High Resolution Color Monitors you can get, the Microprocessor 
based Low Radiation (MPR II compliant) SCEPTRE CC-615L offers: 


1024 x 768 VESA 72Hz Flicker-free Anti-static Screen 

Multi-scan 30-60 KHz Universal Power 90-260 VAC 50/60Hz Auto-sensing 
INVAR Shadow Mask Tube, FS Il Flat Screen Advanced Dynamic Focusing 

31 Memory Settings Manual and Auto-Degaussing 


(5 Factory Preset, 26 User Adjustable] ` ^ Front Access Push-button User Controls 


' PLUS: Energy Saving Option (€€-615G), SCEPTRE's Two Year Limited Warranty, and many more. 


In addition, SCEPTRE's impressive full line of 
Micro-processor based monitors includes 
CE-6N, CC-6N (14-inch) and CL-617/ 
6171 (17-inch). For more information, 
contact SCEPTRE or its distributors 
today. 
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*Brutus: Monitor Lizard, an endangered species, 
recently seen in the film "The Freshman" with 
Marlon Brando and Matthew Broderick 


DISTRIBUTED BY 


= р Tech Data 


| - 
SCEPTRE TECHNOLOGIES, INC. 714-993-9193 FAX 714-993-2997 | -800-237 -893 | 


© 1993 Copyright SCEPTRE Technologies, Inc. All Rights Reserved. All product and brond names are trade marks or registered trademarks of their original owners. 
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THE BEST MONITORS FOR 


f you conduct group presentations, design 
large and complex CAD drawings, run 
desktop publishing applications, or edit col- 
or graphics, consider a 21-inch monitor. At 
800- by 600-pixel resolution, your presentation 
will be clear even from the back of a hotel con- 
ference room. Many of the products also fea- 
ture BNC video connectors, allowing you to 
chain several of these monitors together. The 
large scale of these displays benefits CAD work 
by showing details that might require zooming 
or panning with smaller monitors. Desktop pub- 
lishers can display a two-page spread. And if 
your work involves color-image manipulation, 
the color balance controls and high resolution of 
these monitors make the meticulous nature of 
this work casier. 

But 21-inch monitors weigh upwards of 70 
pounds and dominate any desk surface. They 
cost big bucks as well: The average suggested 
retail price of the nine products we tested was 
more than $2700. These devices are also pow- 
er-hungry. We measured average power con- 
sumption at 115 W; by contrast, 15-inch moni- 
tors averaged 81 W (power management was 
Offered on only five of the nine we tested: the 
IBM 21P, Idek VisionMaster MF-8521, Nanao 
F760iW, NEC 6FGp, and Nissei Sangyo Super 
Scan Elite 21). 

What do you get in return? À screen area of 
approximately 185 square inches and high res- 
olution. Six of the nine large monitors we test- 
ed support 1600 by 1200 pixels, and the other 
three support 1280 by 1024 pixels. In addition, 
all the products come with sophisticated con- 

| 1 چ‎ trols, such as pin- 
cushion control. 
All except the 
Mitsubishi Dia- 
mond Pro 2] FS 
offer some on- 
screen color con- 
trol (see “Color- 
Matching Moni- 
tors,” at night). 

Nevertheless, 
| these large mon- 

itors are probably 
not suitable for most PC and Mac users. Be- 
sides the expense, a 21-inch display is just too 
big for most activities. Although 1600- by 1200- 
pixel resolution displays quite a bit of real estate, 
you'll need to sit close to the screen to discern 
individual characters. 


Rankings for This Application Considered: 


IMAGE QUALITY 45% 


FEATURES 20% 


| EASE OF USE 20% 


COMPLEX GRAPHICS & PRESENTATIONS 


- COLOR-MATCHING MONITORS 


When it comes to color, the human eye is a marvelous judge. Most of us 
can distinguish about 7 million colors out of the palette of 16.7 million col- 
ors that the most capable computer systems deliver. The trick to work- 
ing with color on personal computers has been matching colors through- 
out the process, from image capture to hard-copy output. | 

Since the color gamut {i.e., the universe of colors) of scanners, mon- 
itors, and printers is different for each device, matching colors is difficult. 

A number of monitor manufacturers now include some sort of color con- 
trols for adjusting the color on the monitor to match either the input or 
output device. 

In the 25 monitors we received that support color controls, two types | 
prevail. Most monitors, such as the Epson T1189U, give you a simple | 
control that switches the white balance 
between 9300 degrees Kelvin and 6550 
K. This operation provides a uniform 
| change across all the colors displayed 
| andis perhaps more useful for accom- 
modating the visual taste of users than 
matching colors on other devices. 

More sophisticated color controls are 
found on monitors such as the Nanao 
F550iW and F760iW and the NEC FG 
products. On the NEC GFGp, you can [ 
change the gain or intensity of the three 
primary colors (red, green, and blue) using individual controls for each cob- 
or. А color-setting memory lets you store two sets of color adjustments. | 


Nanao goes a step further. Besides a standard factory white-balance 
setting, it provides two user-definable memories for color changes. The 
Nanao monitors offer two sets of RGB adjustment, gain and cut-off. Gain 

| refers to the intensity of the color—the amount of energy that illuminates 
the dots of red, green, and blue phosphor on the screen. Cut-off is the point 
at which the dots fail to illuminate. Changing the gain controls adjusts the 
white balance at the high end of the gray scale. Adjusting cut-off changes 
the white balance throughout the gray-scale range. 

Note that making a change in any color affects any on-screen color that 
has that color as a component. Monitors use the additive color process, 
so adding more red to make an orange more appealing means that all the 
apples, strawberries, and eggplants change color as well. 

How valuable are color-matching systems? To please your sense of 
color, perhaps the simple white-balance changes offered by a number of 
manufacturers will satisfy you. How»ver, making useful gain and cut-off 
adjustments to match the on-screen color of a monitor to a color print- 
er's output requires a thorough understanding of color theory and many 
trial-and-error adjustments. That is probably why all these systems offer 
an easy method to restore the factory default settings. If you are a color 
specialist needing a great deal of control over the color process, a large 
monitor with color gain and cut-off adjustments may be worth the expense. 


quality scores of all 70 products reviewed. 


Still, when these products were considered for the right To be sure, some of the sharpness tests lend themselves to 
applications, we found few faults. As a class, the 21-inch larger monitors, as the larger object size on a 21-inch monitor 
monitors had higher average scores for all the criteria than makes it easier to discern test patterns. Yet the NEC 6FGp also 
the 15- and 17-inch products. The NEC 6FGp had the highest had the highest scores when compared only to other 21-inch 


continued 
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products. The 6FGp comes 
with a dual-headed video ca- 
ble for either Macs or DOS/ 
Windows PCs. If you have a 
Mac, you attach the 15-pin D- 
sub connector end of the cable 
to your computer and the other 
end to a 15-ріп mini-D-sub 
connector at the rear of the 
monitor. You reverse the cable 
to connect to a standard VGA 
PC. NEC also provides RGB 
gain controls that let the user 
change the content of the image 
by increasing or decreasing the 
amount of red, blue, or green 
in the image. With a suggested 
retail price of $2535, the 6FGp 
even falls below the average 
price ($2736) in this category. 

At $2695, the Nissei Sangyo 
Super Scan Elite 21 fell near 
the middle in price for moni- 
tors in this size group. Nissei 
Sangyo is a marketing arm of 
Hitachi of Japan. We also re- 
ceived a 2] -inch monitor from 
Hitachi of America, but the 
products do not resemble each 
other; the Nissei Sangyo dis- 
play scored significantly high- 
er in our quality scoring and 
cost about $300 less than the 
Hitachi display. The two mon- 
itors compete against each oth- 
er in the American market. 

Interestingly, the ViewSon- 
ic 2] tied with the NEC 6FGp 
for the best score in the image- 
quality tests. But the View- 
Sonic displayed considerable 
misconvergence in that series 
of tests, and this lowered its 
otherwise-excellent sharpness 
test scores. In addition to the 
standard controls for image 
size, position, and pincushion 
adjustment, the ViewSonic 21 
offers two other useful adjust- 
ments: white balance and moiré 
reduction. We liked the View- 
Sonic's drop-down control tray 
because the control buttons are 
easy to sce and identify. 

The Idek VisionMaster MF- 
8521 has a unique power con- 
servation feature, a sensor that 
registers your presence when 
you sit in front of the monitor. 
If the sensor registers nothing 
for an hour, the monitor auto- 
matically shuts down into a 
suspended power state, where it 
draws merely 6 W. 

The price leader is the IBM 
21Р, which lists for $2249. The 
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Want the best of the biggest? 


BEST OVERALL NECOGFGp 


for aimost any application under any operating system. 


EASE OF — POWER-DRAW DOT/GRILL 


PRICE OVERALL QUALITY 
SCORE INDEX USE INDEX 
BEST NEC 6FGp $2535 8.80 9.64 AAAA 18.65 
RUNNER-UP Nissei Sangyo Super Scan Elite 21 $2695 8.69 9.26 AAA 9.47 
RUNNER-UP Nanao F760IW $2999 8.61 8.73 AAAA 9.09 
RUNNER-UP IBM 21P $2245 8.35 854 AAAA 10.00 
RUNNER-UP Hitachi Accuvue PS-21AM $2995 8.19 8.71 ААА 9.68 


А competitive $2535 price and the highest quality score of any monitor 
we tested combine to make this 21-inch monitor the winner in this category. 
With color adjustment, a dual-headed cable for Macs and PCs, and virtual 
resolution software for Macs with built-in video, this monitor is a solution 


COMPLEX GRAPHICS AND PRESENTATIONS 


MAL HORIZONTAL МАС 


PITCH (MM) RESOLUTION (PIXELS) SUPPORT? 
0.28 1280 v 

0.28 1600 

0.31 1280 v 

0.31 1600 v 

0.28 1600 v 


For unsurpassed picture quality... 


NEC 6Füp 


Here again, the 6FGp shines. Rated best on the image-quality screen tests, this monitor 
showed practically no geometric distortion. We would like to see less glare from the 
polished glass surface. In the dark, however, this monitor showed great contrast and 
virtually no misconvergence. 


PRICE OVERALL QUALITY EASE OF 
SCORE INDEX ШЕ INDEX 
BEST NEC 6FGp $2535 8.80 964 AAAA B.65 
RUNNER-UP Nissei Sangyo Super Scan Elite 21 $2695 8.69 9.26 AAA 9.47 
RUNNER-UP ViewSonic 21 $2399 8.12 882 ААА 9.00 
RUNNER-UP Idek VisionMaster MF-8521 $2895 8.15 879 AAA 8.04 
RUNNER-UP Sony GDM-2038 $2859 8.13 8.75 АААА 8.65 


POWER-DRAW DOT/GRILL 


MAX. HORIZONTAL МАС 


PITCH (MM) RESOLUTION (PIXELS) SUPPORT? 
0.28 1280 v 
0.28 1600 

0.25 1600 v 
0.28 1600 v 
0.30 1600 ` v 


Need a large screen at the right price? 


Low cosT uui 


The IBM 21P provides above-average overall performance and carries the lowest price of 
апу of the large-display monitors we evaluated. This monitor received the lowest image- 
quality score in the 21-inch class; however, its quality is far from poor. Without а stan- 
dard of comparison, it is doubtful that you could find fault with the 21P's quality. Ali the 
21-inch products display images clearly and sharply. 


PRICE OVERALL QUALITY EASE OF 

SCORE INDEX USE INDEX 
BEST IBM 21P $2245 8.35 854 AAAA 10.00 
RUNNER-UP NEC 6FGp $2535 8.80 9.64 АДАА 8.65 
RUNNER-UP ViewSonic 21 $2399 8.12 882 AAA 9.00 
RUNNER-UP Nissei Sangyo Super Scan Elite 21 $2695 8.69 9.26 AAA 9.47 
RUNNER-UP Nanao F760iW $2999 861 873 AAAA 9.09 

KEY 

Ease of Use: Poor А Fair АА Good AAA 


* Higher numbers are better; 10.0 = best score. 


SS ——————_—— 


POWER-DRAW DOT/GRILL 


МАХ. HORIZONTAL МАС 


PITCH (MM) RESOLUTION (PIXELS) SUPPORT? 
0.31 1600 v 

0.28 1280 v 

0.25 1600 v 

0.28 1600 

0.31 1280 v 


Excellent AAAA 


21Р features VESA-compliant 
power management systems, 
and it exhibited the lowest 
power consumption of all the 
large monitors. However, this 
product also suffers worse- 


than-average misconvergence, 
which brought down its overall 
quality score. 

Also in this group was the 
Sony GDM-2038, which the 
company classifies as a 20-inch 


display. Its maximum viewing 
dimensions, however, are only 
about 2 cm smaller than most 
21-inch products. The Sony 
falls in the middle of the pack 
in quality and overall scores. 
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COLOR MONITORS 
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Do-itYourself Monitor Testing 


sers without access to sophisti- 
cated test instruments can still 
make informed judgments about 
a particular monitor’s perfor- 
mance. The “homemade” tests that fol- 
low will help you evaluate individual 
products before purchase. 

Before you examine a product, let it 
warm up for 10 or 20 minutes. Set the 
brightness level so that the illuminated 
part of the screen has the same back- 
ground level as the unilluminated por- 
tion. Set the contrast level to its high- 
est setting. Position the mon- 
itor to reduce glare as much 
as possible. 

An easy test is for pin- 
cushioning, in which edges 
of the display bulge. Place 
a straightedge along the 


edges of the screen image. ро effect 


If the image's edge bows in 

or out, the monitor is exhibiting pin- 
cushioning. Excessive pincushioning 
causes distortion and detracts from leg- 
ibility. Not all the products we tested 


had pincushioning controls. 

To check for color registra- 
tion, or convergence, examine 
thin white lines on a black back- 
ground and check for colors 
showing along the edges of the 
line. Noticeable amounts of col- 
or along a white line indicate 
poor convergence. High levels 
of misconvergence denote poor Legibifty test 
monitor adjustment and make 
viewing graphics displays difficult. You 
can check for geometric distortion by 
comparing the dimensions of 
same-size blocks in the cor- 
ners and center of the screen. 
If the blocks vary consider- 
ably in size, the monitor will 
distort graphics and shapes; 
this is especially problematic 
for CAD and desktop pub- 
lishing applications. 

To test legibility, run a WYSIWYG 
program such as Word for Windows. 
Vary typefaces and font sizes, and check 
the monitor's ability to resolve images 


THE QUICK BROWN FOX JUMPET 


clearly. You should be able 
to read 8-point type com- 
fortably on most monitors 
at resolutions of up to 1280 
by 1024 pixels. 

To check local regulation 
(i.e., how the monitor han- 
dles a block of very bright 
screen image), open a full- 
size Windows screen. In the 
Control Panel, select Color 
and set the status line to white. Select a 
dark color, but not black, for the back- 
ground screen color. If the status bar ap- 
pears to jut out to the left, the monitor is 
not doing a good job of regulation. 

Look for screen-color consistency. 
Under Windows, change the background 
color to pure red, blue, or green. Check 
for even colors without splotches or 
shadows. If colors are mottled, try de- 
gaussing the monitor. Correcting con- 
vergence and pincushioning is possible 
if the monitor has the appropriate con- 
trols; splotchy color and geometric dis- 
tortion are generally not user adjustable. 


< 


The AcerView 76i displays settings on 
the screen, which makes adjusting images for bright- 
ness, contrast, or distortion easy. It can display the 
settings in five languages and gives the user a nu- 
merical setting for each control. 


A tray-mounted control panel on the 
idek VisionMaster MF-8521 has easy-to-see 


adjustment controls, эй changes much easier. It also has a unique sensor that 


monitors for the presence of someone in front of it and induces a low power state when 


по one's there. V 
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Manuals for the NEC family 
of products cleverly break out sec- 
tions under the titles “I can't wait,” 
“] want 10 know more,” and “I want 


to be an expert,” 


which help you 
quickly find the information you 
need. The manuals include indexes, 
glossaries, and a list of addresses for 
organizations such as VESA and 
SWEDAC. 


A Perfect 
Image 
Under Your 
Command 


The irresistible features 
on the new KFC monitors 


are so innovative that 
capturing a true “What 
you want is what you get" 
image is no longer an 


imagination. 
| ` Pin-Cushion Control: 
і ‚ No more geometric distortion 


> Rotation Control: 
1 No more tilted screen 


|. Trapezoid Control: 
| ; No more weird picture 


[КУЗ KFC Saves Energy, You Save Money! 


KFC’s new green monitors consume less than 1.5 Watts when inactive, and 
less than 20 Watts when on stand-by. Compared to the average of 85~100 Watts for an 
ordinary monitor, each KFC monitor contributes substantially to a greener environment. And 
you're not just sharing the contribution, you're also saving money. 


P r o d u c t L i n e 
CA1718 CA1507 CM1428D CT1428A CK1428A 
17” Flat Screen 15” Flat Screen 14” MultiScan 14” SVGA NI 14” SVGA 
1280 x 1024 NI 1280 x 1024 NI 1280 x 1024 1024 x 768 NI 1024 x 768 
New features New features 72Hz refresh Energy Savings* Energy Savings* 
Energy Savings Energy Savings Energy Savings 
Microprocessor controlled Microprocessor controlled Microprocessor controlled 
*Power Saving Features Optional 


Distributors and Dealers Welcome 


|. A () 0. J K F . |l М Д 1575 Sunflower Ave., Costa Mesa, CA 92626 
Tel: (714) 546-0336 • Fax: (714) 546-0315 


All products and brand names are registered trademarks of their respective companies. ce 90 on Inquiry Card. 


OF COLOR MONITORS 


ROLL CALL 


OVERALL QUALITY EASE OF POWER- — PRICE — DOT/GRILL MASK МАХ. HORIZONTAL VIDEO FACTORY- 
SCORE INDEX’ — USE DRAW PITCH TYPE RESOLUTION BANDWIDTH PRESET 
MOOR INDEX! (MM) (PIXELS) (MHZ) MODES 
Aamazing Technologies, Inc. СМ-1528 7.13 8.12 549 981 $650 0.28 Dol 1280 85 10 
ADI Systems, Ine. Mico Scan 4GP 802 871 836 718 $539 028 Dot 1280 75 10 
ADI Systems, Inc. Micro Scan 4GLR 755 831 825 736 $579 028 Dot 1280 75 10 
Алах Engineering Corp. Impression 5528N 65 834 6.63 8.28 $399 0.28 Dot 1280 100 None 
AOC International Spectrum 55 6.92 8.12 6.22 857 $699 0.28 Dot 1280 100 14 
Arche Technologies, Inc. 215XL 647 8.19 442 964 $499 028 Dot 1280 400 INP 
Compac Microelectronics, Inc. Мас M1564PD 736 8.45 6.59 B.55 $459 028 Dot 1280 100 10 
CTX Intemational, Inc. 1561LR 7.15 8.08 725 726 $590 028 Dot 1024 85 0 
CTX Intemational, Inc. 1560LR 754 854 750 6.63 $639 028 Dot 1024 85 15 
Delta Products Corp. DCM 1588 7.32 195 7.16 B55 $370 028 Dot 1280 110 12 
Della Products Corp. DCM 1588VA 7.50 7.95 7.04 855 $355 028 Dot 1280 110 12 
Epson America, Inc. T1189U 7.80 7.86 855 1600 $529 028 Dot 1024 7 
Fora Addonics, Inc. C152LR 698 8.47 8.39 7.16 $479 0.28 Dol 1024 80 16 
IBM Corp: - ЇВМ15Р 747 804 881 736 $807 0.28 Dot 1280 86 15 
KFC USA, Inc. CA1507 805 8.33 7J2 9.30 $495 0.28 Dot 1280 80 8 
MAG Innovision, Inc. MX15F 7.68 8.67 745. . 736 $749 028 Dot. 1280 120 9 
Megatron Computer Systems, Inc. MegalmageL15MG 6.81 7.54 5.74 8.98 $279 0.28 Dot 1280 B5 13 
MGC Technologies 15050 746 B.19 697 7.79 . $499 0.28 Dot 1280 65 15 
Mitsubishi Electronics Diamond Scan 15FS 787 8.79 879 8.98 $645 0.28 Dot 1024 80 6 
Mitsubishi Electronics Diamond Scan 16 7.48 826 BSA 783 $1169 0.28 Dot 1280 100 6 
NEC Technologies, inc. 4FGe 716 873 6.07 7.91 $755 0.28 Dol 1024 80 14 
Optiquest, Inc. 2000DX 755 B21 816 781 - $469 028 Dot 1024 80 16 
Orchestra Mulisystems, Inc Frerch Hom 733 8.35 720 828 $545 0.28 Dot 1280 110 13 
Proton Corp. FM-1561A v yn 8.15 748 688 $299 0.28 Dot 1280 100 10 
Qume Peripherals, Inc. QM865E 724 8.28 5.98 8.14 $579 0.28 Dot 1280 85 10 
Sampo America KDM 156681 746 871 7.16 841 $895 028 Dot 1280 80 10 
© Sceptre Technologies, Inc.  CC-615GL 8.39 9.36 753 10.00 $555 0.28 Dot 1024 80 g 

SuperMac Technology, Inc. E-Machines T1éll* 7.81 897 794 684 $1300 026 Sit 1152 110 7 
ViewSonic ViewSonic 15 7.55 7.92 9.36 6.63 $549 0.27 Dot 1280 86 13 
Zenith Data Systems Corp. ZCN-1540-UT 826 8.90 767 9.64 $599 028 Dot 1024 80 7 
Aamazing Technologies, Inc. — CM-1726X 7.46 8.12 7.09 750 $1499 0.26 Dot 1280 110 12 
Acer America, Inc. AceView 76) 754 8.45: 728 551 $899 027 Dot 1280 110 16 
ADI Systems, Inc. Micro Scan AP 776 8% 802 730 $949 0.26 Dot 1280 B5 10 
ADI Systems, inc. Micro Scan 5A 7.85 872 8.14 771 $949 0.26 Dot 1280 85 10 
Айта Systems, Inc. VScan 70 7.68 8.55 7.94 6.67 $999 0% Dot 1280 110 11 
Amax Engineering Corp. Impression 1726N 6.34 874 6.85 730 9845 0.26 Dot 1280 120 B 
АОС Intemational Spectrum 747H 747 8.54 5.30 6.35 $999 0.28 Dot 1280 135 16 
Arche Technologies, Ine. 217AX 646 8.04 4.88 931 $899 0.26 Dot 1024 100 16 
Chenbro Micom Co. Lid DaVinci EZ550 751 8.79 651 741 $1000 0.26 Dot 1280 135 14 
CTX Intemational, Inc. 1760LR 7:39 852 7.72 5.93 $1099 0.28 Dot 1280 100 15 
ETC Computer, Inc. Viewmagic 17650 7.61 8.53 754 783 $1199 0.26 Dot 1280 75 13 
Fora Addonics, Inc, C172ALR 7.16 8,42 5.94 635 $799 0.28 Dot 1280 110 16 
IBM Corp. IBM 17P 8.09 9.18 827 651 $1199 0% Slot 1600 130 14 
KFC USA, Inc. CA1718 7.85 8.27 7.49 794 $895 026 Doi 1280 80 10 
Liberty Electronics USA, Inc. Liberty CL-9117 7.19 8.16 677 5.68 $949 0.26 Dot 1280 130 14 
MAG Innovision, Inc. MXF _ 783 8.63 744 6.92 ‚ $1299 0% Doi 128 120 16 
Mitsubishi Electronics Diamond Pro 17 743 8.11 8.54 6.75 $1499 0.25 Siol 1280 100 6 
Nanao USA Com. F550W 791 837 8.68 5.81 $1599 028 Dol 1280 80 9 
Nanao USA Corp, F560iW 8.24 8.95 8.99 5.14 $1699 0.26 Dot 1280 120 9 
Nanao USA Com. T560i 8.23 845 8.53 77 $2199 0.25 Slot 1280 130 9 
NEC Technologies, Inc. SFGe 8.08 8.56 920 771 $1155 028 Dot 1280 80 12 
Optiquest, Inc. 400000 7,60 867 8.06 581 $999 028 Dot 1280 110 INP 
Orchestra Multisystems, Inc. Tuba 7.15 844 5.90 730 $945 0.26 Dot 1280 110 15 
Panasonic Communications Pana SyncPro 79 872 828 701 $1579 028 Dot 1280 130 23 
Systems Co. CI795E 
Philips Consumer Brilliance 17 750 778 807 7.83 $1399 027 Dot 1600 135 12 
Electronics Co. 
Sampo America KDM 1777 7.08 8.34 6.79 6.84 $1295 0.28 Dot 1600 100 10 
Sceptre Technologies, inc. CL-517GL 752 791 6.98 740 $995 0.26 Dot 1280 110 13 
Sigma Designs, Inc. ErgoView 17 812 9.08 836 621 $1349 0.25 Slot 1280 120 16 
Sony Electronics, Ine. CPD-1730 734 8.20 8.36 692 $1330 025 Slot 1024 60 9 
Sony Electronics, Inc. GDM -175E1 5.90 8.77 542 6.14 $1500 025 Slot 1600 100 9 
ViewSonic ViewSonic 17 741 8.35 7.95 614 $1199 027 Dot 1600 135 13 
Hitachi America, Ltd. Accuvue PS:21AM 8.19 871 8.09 968 $2995 0.28 Dot 1600 130 7 
IBM Corp. IBM 21P 8.35 854 877 10.00 $2245 0.31 Slot 1800 139 12 

us Idek liyama North America, Inc. — VisionMaster MF-8521 — B.15 8.79 790 804 $2895 028 Det 1600 135 

$ Mitsubishi Electronics Diamond Pro21FS 76 857 8.58 672 52999 0.28 Dot 1280 130 8 
Nanao USA Corp F760W 8.61 873 9.05 9.09 $2999 0.91 Dot 1280 120 

2 NEC Technologies, Inc. 6FGp 850 T 957 865 $2535 02 Di 1% 1% 12 

m Nissei Sangyo America Lid Super Scan Elite 21 8.69 9.26 7.84 947 $2695 028 Sot 1600 135 

1 Sony Electronics, Ine. GDM-2038" 8.13 875 846 8.65 $2859 030 Slot 1600 120 

н ViewSonic ViewSonic 21 8.12 882 8.31 9.00 $2399 025 Dot 1600 150 13 


% = BYTE Besi  INP-Information not provided " Higher numbers = better performance * Below 6.59 = Poor; 6.60-7.49 = Fair; 7.50-8.49 = Good; 8.50 and above = Excellent 
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* 


USER- MAC Il MAX. REFRESH МАХ, REFRESH — ENERGY STAR POWER 
SETTABLE SUPPORT? RATE (HZ) AT RATE (HZ) AT RECIPIENT? MANAGEMENT? 
MODES 1024x768 (Ni)? 1280x1024 
INP No 72 60 NI No No 
9 No 72 BO NI Yes Yes 
9 No 12 Nt No No 
1 Yes 72 60 Ni; 87 | No No 
8 No 70 INP No Мо 
INP Yes 70 66 NI INP INP 
10 No 72 60 Nt No Yes 
0 No 72 871 № No 
15 Yes 72 71 Мо Мо 
9 Орюп 70 TON! Optional Optional 
9 Option 70 70NI Optional Optional 
f No 70 Unsupported No No 
16 Yes 72 Unsupported No No 
11 No 76 75 NI Yes Yes 
24 No Te 60 NI Yes Yes 
8 Yes 70 60 NI No No 
Yes Te 60 NI No Yes 
19 Option 70 60 NI No No 
Yes 76 Unsupported No No 
4 Yes 76 60 NI No No 
8 Yes 76 Unsupported No No 
16 Yes 72 Unsupported Yes No 
8 Yes 70 60 NI No No 
9 Yes 72 60 NI Nó No 
Nono No 70 60 NI No Мо 
10 Yes 72 76 NI No No 
22 No 76 60 NI No Yes 
8 Yes 15 l No No 
26 Yes 76 60 Ni Yes No 
2 No 70 Unsupported Yes Yes 
15 No 72 60 Ni No No 
16 No 72 60 NI Yes Yes 
9 No 72 60 NI Yes Yes 
9 No 72 60 NI No No 
9 Yes 70 60 NI No No 
13 Yes 72 60 NI No No 
14 Yes 70 (NP No No 
16 Yes 75 75 NI һю No 
16 Yes 70 74 NI No No 
15 Yes 72 60 N! No No 
4 Yes 72 60 NI No No 
15 Yes 78 60 NI Yes Yes 
16 Yes 75 7T! NI Yes Yes 
24 No T2 60 NI Yes Yes 
14 Yes 75 70 NI No No 
8 Yes 16 60 Ni No No 
4 Yes 76 60 NI No No 
19 Yes 70 60 NI Yes Yes 
19 Yes 70 72 NI Yes Yes 
19 Yes 70 72 NI Yes Yes 
24 Yes 76 Not supported Yes Yes 
INP Yos 76 60 NI No No 
15 Yes 70 60 NI No No 
25 Yos 76 Н! Мо No 
15 Yes 70 76 NI No No 
10 Yes 72 76 NI No No 
18 Yes 76 60 NI No Yes 
8 Yes 80 64 NI No No 
9 Yes 70 Unsupported No No 
11 Yes 75 74 NI Yes Yes 
21 Yes 70 72 NI No No 
13 Yes 70 60 NI No No 
10 Yes 75 77 NI Yes Yes 
33 Yes 103 79 NI Yes Yes 
4 Yes 95 AN No No 
19 Yes 70 72 NI Yes Yes 
24 Yes 76 74 Ni Ro Yes 
33 No 70 80 NI Yes Yes 
15 Yes 72 76 NI No No 
21 Yes 72 72 NI No No 


3 | = interlaced: NI = noninterlaced 


“16-inch display 


* 20-inch display 


WATTAGE FCC 


CLASS 
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MPR Il 


TOLL-FREE 
PHONE 


None 

(800) 228-0530 
(800) 228-0530 
(800) 800-6328 
(800) 343-5777 
(800) 437-1688 
(800) 888-6482 
(800) 888-2012 
(800) 888-2012 
None 

None 

(800) 289-3778 
(800) 336-3962 
(800) 772-2227 
(800) 253-2872 


None 

(800) 843-2515 
(800) 843-2515 
(800) 632-4636 
(800) 843-6784 
(800) 257-9988 
None 

(800) 457-4447 
INP 

(800) 488-2878 
(800) 541-4787 
(800) 888-8583 
(800) 553-0331 


None 

(800) 368-2237 
(800) 226-0530 
(800) 228-0530 
(800) 356-9990 
(800) 800-6328 
(800) 343-5777 
(800) 437-1688 
None 

(800) 888-2012 
(800) 876-4382 
(800) 336-3962 
(B00) 772-2227 
(800) 253-2872 
(B00) 745-7011 
(800) 827-3998 
(800) 843-2515 
(800) 800-5202 
(800) 800-5202 
(800) 800-5202 
(800) 632-4636 
(800) 843-6784 
(800) 257-9988 
(800) 726-2797 


(800) 835-3506 


None 

(800) 458-2878 
(800) 845-8086 
(800) 352-7669 
(800) 352-7669 
(800) 888-8583 


(800) 225-1370 
(800) 772-2227 
(800) 394-4335 
(800) 843-2515 
(800) 800-5202 
(800) 632-4636 
(800) 441-4832 
(800) 352-7669 
(800) 888-8583 


PHONE 
NUMBER 


(714) 255-1688 
(408) 944-0100 
(408) 944-0100 
(510) 651-8886 
(408) 956-1070 
(510) 623-8100 
(510) 656-3333 
(909) 595-6146 
(909) 595-6146 
(510) 770-0660 
(510) 770-0660 
(310) 782-0770 
(408) 944-0393 
(919) 543-7049 
(714) 546-0336 
(714) 751-2008 
(714) 777-6166 
(818) 300-8406 
(714) 236-5352 
(714) 236-6352 


(508) 264-8759 . 


(909) 468-3750 
(714) 708-3400 
(310) 404-2222 
(408) 942-4242 
(404) 449-6220 
(714) 993-9193 
(408) 541-6150 
(909) 869-7976 
(708) 808-5000 


(714) 255-1688 
(408) 432-6200 
(408) 944-0100 
(408) 944-0100 
(510) 356-5600 
(510) 651-8886 
(408) 956-1070 
(510) 623-8100 
(510) 438-9946 
(909) 595-6146 
(510) 226-6250 
(408) 944-0393 
(919) 543-7049 
(714) 546-0336 
(510) 623-6000 
(714) 751-2008 
(714) 235-5352 
(310) 325-5202 
(310) 325-5202 
(310) 325-5202 
(508) 264-8759 
(909) 468-3750 
(714) 708-3400 
None 


(310) 217-1300 


(404) 449-5220 
(714) 993-0193 
(510) 770-0100 
(408) 955-4136 
(408) 955-4136 
(909) 869-7976 


(201) 573-0774 
(919) 543-7049 
(215) 957-6543 
(714) 236-6352 
(810) 325-5202 
(508) 264-8759 
(617) 461-8300 
(408) 955-4136 
(909) 869-7976 


INQUIRY 
NUMBER 


1105 
1107 
1108 
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һе ег you are 
looking for a needle 

in a haystack or just the 
number of times that Abraham, 
Isaac and Jacob appear in the 
Bible, you need an MS-160 Search 
Engine (SE). The MS-160SE combines 
a free text search engine with a RAM 
DISK capable of reading 160 megabytes 
per second. Searches are performed using 
exact or fuzzy templates. If you are interested 
in taking statistics, the board will report the 
number of times your template was matched. If 
you want to see each reference, our software will 
stop the processor and let you see it. 


a 
c 
A 


MS-160SE search templates are specified using 
"regular expressions." Each byte in the expression can 
specify a single value or a range defined by an upper 
and lower bound. Up to eight 32-byte wide templates 
can be used together to form complex search patterns. 
Alternatively, all eight templates can be used to define 
a large template that can be up to 256 bytes in length. 
The Microway М$-160 processor features 512 com- 
parators and 64-bit wide memory to search your data 
at 160 megabytes per second. The MS-160 also 
contains a data router and event detector which are 
controlled by our software. The throughput of its 512 
specialized integer units is 10 billion compares per 
second, which is the equivalent free text searching 
speed of five hundred 486s or a 10,000 MIPS processor! 


The MS-160SE is just as at home in the laboratory as it 
is in a law office or library. Examples of its use include 
genetic engineering, meteorological science, image 
processing and the analysis of spectra of any kind. 
Numerous applications exist in law enforcement, from 


Microwav: 


Looking for something? 


From people and places 
to finger prints and genes, 
the MS-160SE™ finds it 


FAST... 
at 160 megabytes/sec! 


finding missing persons and vehicles to 
analyzing finger prints. The board 
can also be used as a part of a data 
logger or data feed parser, 
triggering on pre-defined 
events. When used as a 2D 
filter, the template becomes 
a 256 by 256 1-bit grid or a 
combination of eight 256 by 
32 1-bit grids. 


The heart of the board, the MS-160 
processor, can also be used to build instruments, 
such as logic analyzers, or intelligent hard disk 
controllers which include a text filter. Microway's 
engineering staff can help you to implement such 


designs. 


The MS-160SE can be interfaced from PC languages, 
such as Microsoft C, or you can use canned applica- 
tions. A Microway Text Retrieval package comes with 
the card. This package is ideal for law offices or 
libraries which must be able to instantly make com- 
plex searches on data bases downloaded from CDs or 
hard disks. A complete document management 
package is available which can handle text and images 
together, as well as a TCP/IP network interface that 
makes it possible to build a "Search Server." 


The MS-160SE can be fitted with up to 320 megabytes 
of memory. Software and hardware developers are 
encouraged to contact Microway at 508-746-7341. 
We'll show you how to find whatever you're 
looking for... fast. 


MS160 and М51605Е are trademarks of Microway.MRT. 
Microway is a registered trademark of Microway, Inc. 


Technology you can count on! 


Research Park, Box 79, Kingston, MA 02364 USA, TEL 508-746-7341 • FAX 508-746-4678 
Kingston-Upon-Thames, U.K., TEL 081-541-5466 • FAX 081-546-0614 


Beyond DOS 


Wide-Area Windows Networking 


Are NT and Windows for Workgroups truly WAN-savvy? 


JON UDELL 


| The networking that’s built into Win- 
dows NT and Windows for Work- 
groups enables machines to share each 
| other’s files, printers, and clipboards 
on a LAN. This set of features, which Microsoft refers to 
as Windows networking, comes in very handy. (Cynics 
might prefer the term Windows and OS/2 networking, 
since Microsoft has to date shipped more OS/2-based 
networks than Windows-based ones.) 

A WFW or NT user on BYTE's Ethernet LAN can, for 
example, browse for and then connect to a shared direc- 
tory on my Silicon Graphics Mips R4400-based Magnum 
running NT; a shared printer that's attached to my Everex 
486DX2/50, also running NT; or a shared clipboard item 
on my WFW machine. Windows networks also interop- 
erate with LAN Manager and LAN Server networks. 

What Windows networks don't do by default, how- 
ever, is talk to other Windows networks. Can Windows 
networks be WANs (wide-area networks)? That's a fas- 
cinating question that Microsoft is now trying to answer 
in several different ways. 

Windows networking belongs to a larger family of 
networking products that use two protocols—NetBIOS 
and SMB—to enable workstations to communicate with 
each other and with servers. NetBIOS provides both con- 
nection-oriented services (1.е., sessions) and connec- 
tionless services (i.e., datagrams or messages); SMB pro- 
vides a higher level of service that workstations use to, 
for example, connect to servers, open and read files, lock 
records, and queue print jobs. 

г Endless confusion surrounds NetBIOS. You often hear 

people say that Windows networking, or other SMB-/ 
NetBIOS-based network products, can't run on WANS 
because NetBIOS “isn’t a routable protocol." That's a 
red herring. NetBIOS is not a transport protocol, so it 
makes no sense to say that it can or cannot be routed 
through an internetwork. The NetBIOS protocol instead 
serves as an interface to a transport protocol, and it’s 
that transport that might or might not be routable. 

The default transport for LAN Manager, LAN Server, 
and Windows networking is NetBEUI, a purely LAN- 
oriented protocol that is, in fact, unroutable. You can 
build campus-size NetBEUI networks (like Microsoft's) 
using bridges, but you can't build global NetBEUI net- 
works using routers. 

So how does your Windows client in Canada talk to 
your Windows server in Sweden? Microsoft took the 
first step with LAN Manager 2.1. That product provided 
TCP/IP as an alternate NetBIOS substrate. TCP/IP, which 
is the foundation of the worldwide Internet, is eminent- 


ly routable and well supported by vendors of WAN com- 
munications gear. It has also been annointed as Mi- 
crosoft's "strategic" networking protocol. But there's 
more to NetBIOS-over-TCP than meets the eye. 


B-Nodes, P-Nodes, and M-Nodes 

А pair of Internet RFCs (requests for comment) num- 
bered 1001 and 1002 propose standards for NetBIOS- 
over-TCP networking. In the LAN Manager implemen- 


tation, which carries forward to NT, workstations are : 


b-nodes (broadcast nodes). A NetBIOS-over-NetBEUI 
station calls a session partner by broadcasting to all nodes 
on the local network. A NetBIOS-over-TCP b-node works 
the same way, using UDP (User Datagram Protocol) to ef- 
fect the broadcast. 

But TCP/IP broadcasts don't cross routers; if they did, 
all that extra traffic would bring the Internet to a screech- 
ing halt. The RFC 1001/1002 documents therefore define 
a completely different scheme for wide-area NetBIOS- 
over-TCP. P-nodes (point-to-point nodes) use directed 
UDP datagrams and TCP sessions to emulate NetBIOS- 


level multicast and broadcast services. M-nodes (mixed 
nodes), a further refinement, combine the convenience of 
broadcasting on the local network with the efficiency of 
point-to-point communication across the WAN. 

How do p-nodes and m-nodes establish off-LAN con- 
nections? They rely on a pair of services called the Net- 
BIOS Name Server, or NBNS, and the NetBIOS Data- 
gram Distribution Server, or NBDD. These agents learn 
and cache mappings between NetBIOS names and IP 
addresses, and they intelligently manage naming (i.e., 
registration, discovery, and defense) and messaging (i.e., 
multicast and broadcast). A commercial implementation 
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of NBNS/NBDD from Network Telesystems is in use today at 
some very large NetBIOS-over-TCP sites. 

Do the LAN Manager and NT implementations of NetBIOS- 
over-TCP use p-node and m-node technology coupled with 
NBNS/NBDD services? No. They rely instead on a table of Net- 
BIOS-name/IP-address mappings (the LMHOSTS file) stored 
on each participating workstation. Microsoft calls this technique 
a modified b-node approach. 

To make things more concrete, see the figure "Alternative 
Windows Networking Scenarios" below. In the first part, “Local 
TCP/IP," my two NT machines act as b-nodes, sharing files, 
printers, and clipboards using TCP/IP alone (there is no Net- 
BEUI present); they can also telnet to Bytepb, BYTE's UUCP 
host. In the second part of the figure, “Routed TCP/IP,” I’ve 
split the network in two. The router is Everex, which uses the 
basic IP routing capability of NT to join the 192.1.2 and 192.1.1 
class-C networks. 

Because Everex’s Windows networking is configured on the 
192,1.1.84 adapter but not the 192.1.2.1 adapter (NT supports 
Windows networking over just one TCP/IP interface at a time), 
Magnum and Everex cannot by default share each other's files, 
printers, and clipboards. NT's internal IP 
router stands between them. To enable Win- 
dows networking across the router, I had to 
add the line EVEREX 192.1.1.84 to 
Magnum's LMHOSTS file and also add the 1 
line MAGNUM 192.1.2.2 to Everex’s "B 
LMHOSTS file. (I also had to configure 
Magnum's default IP gateway to be 192 
.1.2.1.) Then everything worked—except 
browsing. In the local TCP/IP case, Mag- | 
num and Everex could browse each other’s ux | 
shared resources, but in the routed TCP/IP 
case they couldn't. With an LMHOSTS ref- 
erence to Everex, Magnum could NET USE 
a known shared drive on Everex but couldn't 
browse (or NET VIEW) Everex to discover 
what resources it was sharing. 

Why not? Workgroup browsing requires 
broadcasting, which is, as we've seen, strict- 
ly local in TCP/IP. According to J. Allard, 
Microsoft's program manager for TCP/IP 
technology and the author of a document on 
NT's TCP/IP (available by £tp from rhi- 
no.microsoft.com), browsing does work with- 
in NT Advanced Server domains that span 
TCP/IP subnetworks. It works because 
browse masters on each subnetwork com- 
municate with a domain's primary controller 
using directed, point-to-point links (which, 
however, must be described in LMHOSTS 
files). Workstations, in turn, query local 
browse masters for share information. 

What about TCP/IP support in the new 
WFW 3.11? Although the product will prob- 
ably have shipped by the time you read this, 
its much-anticipated 32-bit NDIS 3.0 TCP/IP 
stack isn't yet ready. Microsoft says you'll be 
able to use a (separately available) real-mode 
NDIS 2.0 TCP/IP stack as the sole substrate 
for Windows networking on WFW 3.11, but 
I haven't had a chance to try that yet. 


| NetWare 


| IPX router 
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The IPX/SPX Option for NT and WFW 

I repeated these experiments using NT’s NetBIOS-over-IPX. In 
the third part of the figure, “Local IPX,” Magnum and Everex con- 
duct mutual Windows networking on IPX network 1, which also 
reaches Ourtown, a NetWare server, and the rest of BYTE's ed- 
itorial LAN. In the fourth part of the figure, “Routed IPX,” Mag- 
num shares IPX network 666 with a stand-alone NetWare router 
that’s also joined to IPX network 1. 

Windows networking between Magnum and Everex was in- 
stantly and fully functional, requiring no administrative inter- 
vention as in the routed TCP/IP scenario. Further, because IPX 
propagates broadcasts through routers, Magnum and Everex 
could browse off-LAN to locate each other’s shares. The same sit- 
uation prevailed when I rebooted Everex to DOS and launched 
the beta version of WFW 3.11. Its IPX transport can substitute 
for NetBEUI as the sole substrate for Windows networking. Both 
IPX and NetBEUI can now run as 32-bit VxDs (virtual device 
drivers) in WFW 3.11, incidentally. 

Other new VxD components include a selection of NDIS 3.0 
network adapter drivers and a VxD-based FAT (file allocation 
table) file-system driver. This accumulation of VxD components 
makes WFW 3.11 an intriguing preview of 
the forthcoming lightweight 32-bit version 
of Windows known as Chicago. Of particular 
note is the fact that the NDIS 3.0 drivers for 
both WFW 3.11 and NT are built from com- 
mon sources, according to Microsoft. This 
sharing of driver code will be a key synergy 
between Chicago and NT. 


Which Strategic Protocol? 
Let's recap. TCP/IP, Microsoft's strategic 
networking protocol, enables wide-area Win- 
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TCP/IP and IPX, with and without routers. 


tation leaves a lot to be desired. Due to the 
lack of a dynamic NetBIOS Name Server, 
the mapping of NetBIOS names to IP ad- 
| === ` f | dresses requires cumbersome manual main- 
2 tenance of LMHOSTS files. That's the sort 
of labor-intensive, error-prone activity that 
network administrators desperately want to 
avoid. (LAN Manager 2.2 introduced a stop- 
gap measure—TCP/IP extensions that enable 
broadcast domains to span selected subnet- 
works— but it doesn't carry forward to NT.) 
Even with correct LMHOSTS mappings, 
workgroup browsing can't cross subnetworks. 
And while TCP/IP comes with NT, it won't 
be bundled with the most advanced version of 
DOS-based Windows, WFW 3.11. 
IPX/SPX looks pretty attractive by com- 
parison. It works seamlessly on routed IPX 
networks. and it is bundled with both NT and 
WFW 3.11. Moreover, IPX/SPX can simul- 
taneously handle both Windows-to-Windows 
and Windows-to-NetWare connectivity. 
When IPX/SPX appeared late in the de- 
velopment of NT under the name NWLink, 
the absence of a NetWare redirector for NT 
(which is now, by the way, available in beta) 
made NWLink’s role unclear to many people. 
Microsoft's own marketing pitch tended to 


focus on NWLink’s ability to integrate SQL Server into Net- 
Ware environments. In reality, it’s a fully functional Windows net- 
working protocol. If you operate a routed IPX internetwork, you 
can do local- and wide-area Windows networking using NWLink. 

Given these options, you might wonder which routable proto- 
col complements NetBEUI on Microsoft’s own worldwide Win- 
dows network. Amazingly, it’s a protocol that Microsoft doesn’t 
offer to its customers. The folks in Redmond connect to Mi- 
crosoft's satellite offices using XNS (Xerox Network Services), 
an older protocol from which IPX/SPX inherited its routable 
properties. The annointed wide-area Windows protocol, TCP/IP, 
can't yet support Microsoft's own mission-critical wide-area net- 
working. If Microsoft doesn't use it, should you? 


What's in a Name? 

While this all looks mighty suspicious, Microsoft's Allard is 
candid about the situation. *XNS solved a problem for us years 
ago and became entrenched here," he says, "but that doesn't 
mean it's the right solution for us or our customers." Microsoft is 
now developing an NBNS-like service called WINS (Windows 
Internet Name Service) that is, as Allard points out, a requirement 
for efficient use of any routable protocol on WANs. 

NetBIOS is a dynamic, distributed name service that works 
well when bandwidth is essentially free. But LANs and WANs аге 
polar opposites in this regard. Propagating broadcasts through 
routers can work, but Microsoft pays dearly in tariffs for its ex- 
travagant worldwide use of XNS. Users of IPX/SPX WANs can 
control those tariffs only to the extent that administrators can 


No runtime royalties. 


The included PKzip utility lets you store 
compressed files as a single self-extracting 
{ .EXE files that automatically uncompresses 


when run. — $47.00 


Circle 106 on Inquiry Card. 


PKWARE's* Data Compression Libraries!" allow software developers to add data compression 
technology to software applications. The application program controls all the input and output 
of data allowing data to be compressed or extracted to or from any device or area of memory. 


• All Purpose Data Compression Algorithm Compresses Ascii or Binary Data Quickly with 
similar compression achieved by the popular PKzip software, however the format used by 
the compression routine is completely generic and not specific to the PKZIP file format. 
Application Controlled 1/0 and memory allocation for extreme flexibility. 

: Adjustable Dictionary Size allows software to be fine tuned for Maximum Size or Speed. 
Approximately 35K memory needed for Compression, 12K memory needed for Extraction. 
Compatible with most popular Languages: C, C+ +, Pascal, Assembly, Basic, Clipper, Etc. 
Works with any 80x86 family CPU in real or protected mode. $295.00 


ИШЕ NJ RUNNING OUT OF EXPENSIVE DISK SPACE? 


РКир can help! PKzip compresses your files to free up disk space and reduce modem 
transfer time. You can compress a single file or entire directory structures with a single 
command. Compressed files can be quickly returned to their normal size with PKanzip. 


Software developers can reduce the number of diskettes needed to distribute their product by 
using РКир. Call for Distribution License information. 


configure routers to filter the broadcast traffic. 

Ultimately, no matter what the protocol, you need efficient 
management of a distributed namespace that encompasses users, 
devices, and network services. That's the real problem WINS 
will tackle. If it works, you'll see Microsoft (and its customers) 
doing wide-area networking over a choice of protocols. 

Will WINS be a full-blown RFC 1001/1002 NBNS/NBDD 
service? No, says Allard, precisely because it shouldn't be tied to 
ТСРЛР or any other protocol. (WINS will use p-node technol- 
ogy, for example, but it won't depend on it.) TCP/IP— because 
it's more scalable and robust than IPX/SPX— will often be the pre- 
ferred choice, but it shouldn't be required. If you have an IPX/SPX 
infrastructure, you ought be able to leverage it. 

Should WINS, or Windows networking in general, be tied to 
the kind of flat distributed namespace that NetBIOS uses? Again, 
the answer is no. À structured namespace will likely serve the 
needs of the distributed enterprise much better. 

There's an interesting opportunity for convergence here. Win- 
dows wide-area networking requires advanced name support. So 
do Windows distributed objects in the forthcoming Cairo. Killing 
these two birds with one stone would make a lot of sense, and 
that’s what I predict will happen. Meanwhile, I'll be watching net- 
work developments in Redmond with interest. When Microsoft's 
wide-area Windows networking over TCP/IP is good enough 
for those folks to use, it ought to be good enough for us. 8 


Jon Udell is a BYTE senior technical editor at large. He can be reached on 
the Internet or BIX at judell 9 bix.com. 
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When it comes to 
computing ... 


we wrote the book. 


Rely on Osborne to deliver computer books with the 
information and insights you need...on virtually 
every hot topic. With our books, you'll find the 

answers fast, so you can become more 
productive, knowledgeable, and confident. 
Check out our two-color text that 
highlights important information: 


chapter titles, page numbers, 
special tips and illustrations 


Special icons call attention 
to unique shortcuts, great tips 
and professional advice 


Abundant screen displays are 
clear and crisp, and marked 
for easy identification 
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Get Answers—Get Osborne 
For Accuracy, Quality and Value 


AVAILABLE NOW AT YOUR LOCAL BOOK AND COMPUTER STORES 
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Reference 

by Harley Hahn and Rick Stout 
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The Visual Basic 3 for 
Windows Handbook 

by Gary Cornell 

Covers Visual Basic for Windows 
Releases 2 & 3 

$29.95 

ISBN: 0-07-B81986-5 
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Pro Audio 16: The Official Book 
(Includes One 3.5-Inch Disk) 
by ivan Luk and 

David M. Golden 


$34.95 
ISBN: 0-07-881979-2 


Borland С++ Handbook, 
Fourth Edition 

by Chris H. Pappas & 
William H. Murray, |11 
Covers Borland С++ 
Releases 3.1 & 4 

$34.95 

ISBN: 0-07-881960-1 


A Standard for Writing Recordable CDs 


The new DIS 13490 standard allows updates to recordable CDs 
while maintaining cross-platform data exchange 


JASON HYON 


_ becoming a significant data storage and 

distribution medium of the 1990s. You 

“ШШ don't have to look any further than to- 

day's meal computers to confirm this: Most Macin- 

toshes ship with CD-ROM drives, every MPC includes 

one, and nearly every Unix workstation comes with a 
CD reader for system software installation. 

А key to the success of the CD industry is ISO 9660:88 
(hereafter referred to as ISO 9660), the international stan- 
dard for the CD-ROM logical format. This standard al- 
lows the same CD-ROM to be read and interpreted on 
Mac, MS-DOS, Unix, VAX/VMS, and many other com- 
puter platforms. 

However, some design problems surface when ISO 
9660 drivers are implemented on various operating sys- 
tems. For example, the information needed 
to do a Unix directory-listing command is 
stored not in the directory records, but in 
the extended attribute records located with 
the data file. Thus, to do a simple directory 
command, seeks to the individual data-file 
locations must be done. Furthermore, а li 
DOS or Mac driver that's not savvy to this 
type of directory structure can't access the 
material. | 

An important feature that's not support- | 
ed by ISO 9660 is the ability to incremen- | 
tally add information to recordable media, 
а feature known as multisession capability 
іп CD terminology. This 1850 9660 limita- 
tion has become a major problem since the | 
advent of Kodak Photo CDs, which allow 
you to add a new set of images to an ex- 
isting platter. Also, low-cost (i.e., under 
$6000) CD-R (compact disc recordable) 
mechanisms allow companies to produce | 
limited-run CDs of specialized informa- 
tion. It would be desirable to be able to 
simply update existing CDs with new in- 
formation, rather than having to scrap the 
lot and start over. 

CD-WO (compact disc write-once) technology has 
advanced since the ISO 9660 standard was adopted in 
1988. CD-WO is an evolution of CD-ROM to а sequen- 
tial, write-once medium. It is defined by the Orange Book 
(developed by N. V. Philips and Sony), which specifies 
the medium and the basic CD-WO system and supports 
writability and updatability. Consequently, while the Or- 
ange Book standardizes the physical media, a new stan- 


CD-ROM has fulfilled its promise of 


dard— similar to ISO 9660—15 needed to define the log- 
ical organization of data on the disc. 

The goals in drafting this new standard were as follows: 
add support for existing CD-WO functions, overcome 
the deficiencies of ISO 9660, provide support for future 
extensions (e.g., Windows NT), and maintain compati- 
bility with ISO 9660 within the new framework. More- 
over, it had to support additional volume and file-struc- 
ture standards that are optimized for different media, 
such as WORM and rewritable CDs. 

One difference between the new standard and ISO 
9660 is that the former provides logical "visibility" to 
the tracks and sessions on a CD. This is accomplished 
through the use of track records in the existing CD-WO 
standard. 

This new standard has followed the same path of ac- 
ceptance as ISO 9660: When the High Sierra Group draft- 
ed a proposal for a CD-ROM volume and file-structure 


standard, the European Computer Manufacturers Asso- 
ciation modified it and accepted it as ECMA 119. It was 
then accepted as ISO 9660 from DIS 9660. Similarly, 
the Frankfurt Group (so called because of the locauon 
of its first meeting in Frankfurt, Germany) drafted a pro- 
posal for a CD-ROM and CD-WO volume and file-struc- 
ture standard, which ECMA modified and accepted as 
ECMA 168. 

Currently, the logical standard, called DIS 13490, is in 
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An illustration of the minimum descriptors required in a CD-WO EA to describe a volume. 
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The structure of an ETD ard how ETDs are linked when material on the disc is updated. 


international review. It is very likely to be accepted as ISO 13490 
after the review period. To eliminate confusion, it's important to 
note that in this article CD-WO refers to the physical standard (per 
the Orange Book), while DIS 13490 refers to the logical structure 
of data on a CD-WO disc. 


CD-ROM Basics 
Before I illustrate the CD-WO volume and file-structure stan- 
dard, it's beneficial to briefly describe ISO 9660, the existing 
volume and file-structure standard for CD-ROM. 1SO 9660 di- 
vides a disc into four main areas, called descriptors, that de- 
scribe its data organization. These four areas are called volume de- 
scriptors, path tables, directory records, and extended attribute 
records, or XARs. 

In the volume descriptor area, a primary volume descriptor 
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contains the locations of the path tables, 
the root directory, and other important in- 
formation on the disc. Unlike CD-WO, 
since the contents and location of the files 
are predetermined and do not change, the 
locations of the path tables and root di- 
rectory are recorded in the primary vol- 
ume descriptor. 

The path table describes the relation- 
ship between directories and subdirecto- 
ries. The directory records point to sub- 
directories or files in a directory. 

This mechanism provides two ways of 

traversing the directory tree of a CD-ROM 
| file system: by chaining through direc- 
tory records or through the path table. If 
this same method were used for a CD- 
WO file system, once a file or directory 
was updated, every directory record would 
have to be rewritten to reflect the change. 
For this reason, the relationship among 
directories and files for the CD-WO file 
structure are indicated only in the path 
table. Thus, directory records for the CD- 
WO file structure do not contain a point- 
er to their subdirectory or file. 
n Finally, ISO 9660's XARs provide the 
~ | owner ID, group ID, and record structure 
=| ofa directory or file. However, XARs аге 
recorded on a file or directory basis, and 
this causes a big performance hit on a 
CD-ROM drive. This problem has been 
resolved in the CD-WO file structure, as 
I will describe later. 

The fields used in the internal struc- 
ture of DIS 13490's descriptors are simi- 
lar in format and value to the fields used 
in the internal format of ISO 9660. How- 
ever, certain fields have been altered so 
that DIS 13490's structures facilitate the 
support of Posix. This allows the stan- 
dard to encompass the dominant operating 
systems in the market, such as DOS, Mac 
OS, Unix, and VMS. Included among the 
participants in the Frankfurt Group were 
representatives of these operating-system 
developers. 

When you mount a physical volume, the operating system 
must know what types of data, and in what formats, are record- 
ed on that medium. To do that, DIS 13346 (a volume and file- 
structure standard for nonsequential write-once media and re- 
writable media), DIS 13490, and possibly a new tape standard 
have created a common volume-recognition scheme. These com- 
monly defined volume-recognition sequences enable systems to 
mount media for the proper volume standard and to boot from the 
media. 

Further, the defined character sets have been expanded from the 
ISO 9660 standard, and the need for special separator charac- 
ters has been reduced. The XARs as defined in ISO 9660 have 
been eliminated, and the functions of XAs (extended attributes) 
have been expanded through the use of the XA area in the di- 
rectory and path-table records. 
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The DIS 13490 standard is organized into four parts, as de- 
scribed below. : 


* Part 1: General. States the notations and definitions used in 
this standard. 

* Part 2: Volume and boot-block recognition. Describes 
volume and boot recognition structures for interchange with 
other standards. 

* Part 3; Volume and file structure. Describes volume and file 
descriptors along with a new, more efficient XA capability. 

* Part 4: Record structure. Defines the various record types, 
such as fixed records, variable records, stream records, and 
so on. 


All parts of the standard are independent. The market will de- 
termine what parts will be supported. Thus, a vendor can choose 
to implement only parts 1 and 2 for volume recognition and boot 
purposes, letting a system recognize what driver to use in mount- 
ing the disc's native volume and file system. If a vendor were to 
implement parts 1, 2, and 3—the volume and file structure with- 
out the record-structure support—a transportable volume for data 
interchange with other operating systems could be created. Part 
4 could be implemented for systems that support record structures, 
such as DEC's VMS. Lots of implementations will probably 
support only parts 1, 2, and 3, since many microcomputer oper- 
ating systems (e.g., Mac OS, DOS, and Unix) don't use record 
structures. 

There is currently another CD-ROM standard, called Rock 
Ridge. Its intent is to use CD-ROM as a complete implementation 
of X/Open and Posix file systems and directories. The purpose of 
the Rock Ridge initiative is to create an agreeable common for- 
mat by utilizing the system area in the directory record of ISO 
9660 while maintaining compatibility with the installed base of 
ISO 9660 hardware and software. 

The SUA (system use area) in the directory record includes nec- 
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A CD-WO structure, illustrating the arrangement of a set of directories, subdirectories, and files, with a new file (File008) added. 
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essary information such as UID (user ID), GID (group ID), the 
UID and GID numbers used by receiving X/Open systems, 
the mode bits, and the major and minor device. Most Unix CD- 
ROMs already use this standard for file interchange among Unix 
systems. 

While the Rock Ridge standard provides data interchange with 
Unix systems, DIS 13490 will have to support future operating 
systems such as Windows NT. Fortunately, DIS 13490 provides 
many ways lo implement future operating-system-specific needs 
by allowing vendors to embed information in the descriptors and 
the SUA. 

Conforming DIS 13490-receiving systems (i.e., systems that 
read data on CD-WO) will support a subset of ISO 9660. How- 
ever, the XAR in ISO 9660 won't be supported by these receiv- 
ing systems. Thus, it is possible to have a disc that supports both 
ISO 9660 and DIS 13490 on the same medium. 


The Structure of DIS 13490 

DIS 13490 starts by using descriptors similar to those used in 
ISO 9660. These descriptors can be categorized into three main 
parts: the CD-WO EA (extended area), the ETD (end-transaction 
descriptor), and path tables. 

Volume descriptor sets, or VDSes, are located in the CD-WO 
EA. The EA is a container for volume and file descriptors (see the 
figure "CD-WO Extended Area"). The VDS contains at least 
one PVD (primary volume descriptor) and TD (terminating de- 
scriptor), and zero or more SVDs (supplementary volume de- 
scriptors), ETDs, and VPDs (volume-partition descriptors). 

In a CD-WO EA, different BDs (boot descriptors) can be writ- 
ten. This allows a “generic” boot CD-ROM. At start-up, such a 
boot ROM would be scanned for BDs for matching system iden- 
tifications. The system identification encodes the operating-sys- 
tem type and system-dependent options, such as combinations of 
processor type and memory management. After examining the 
boot identifier, the boot ROM can present the operator with a 
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choice of operating systems that can be 
booted. 

A PVD identifies the volume, the vol- 
ume set to which the volume belongs, the | 
volume's attributes, the character sets used 
in recording the contents of certain fields 
within the PVD, and the rule for recording 
and locating the ETD. An SVD provides 
an alternate identification of the volume 
and the volume set to which it belongs. A 
VPD specifies a volume partition, attrib- 
utes of the partition, and its identification. 
The TD identifies the end of a VDS. 

Because CD-WO is an updatable medi- 
um, the volume information can be revised 
by writing new VDSes. The standard also 
specifies how to recognize the most recent 
or valid VDS. In addition, in a CD-WO 
EA, or at a location pointed to by the ETD, an FSDS (file-system 
descriptor set) identifies the file set; the set of characters allowed 
in certain fields of the descriptors associated with the file set; 
attributes of the file set; optional application and publisher in- 
formation; and optional copyright, abstract, and bibliographic 
information. 


CD-W0 
media. 


An FSDS contains an FSD (file-set descriptor—a concept of 


a logical volume) and an IUD (implementation use descriptor). 
The FSD is directly associated with a path table that identifies 
every directory in the directory hierarchy describing the set of files 
in the file set. Thus, at least one FSDS should be written over a 
volume to describe the disc's contents. Also, zero or more IUDs 
identify an implementation and contain information for that 
implementation's use. The IUD is one of the descriptors that al- 
low extensions for current and future operating systems' needs that 
are not yet defined by this standard. 


авта се VS. TEN 


Program area 


| Volume-at-once 


_ Second volume 


| Gap Gap 


A look at how data is physically arranged on a disc using the various CD-WO 
formats. A lead in is a track written for drives to recognize the beginning of the logical 
volume. A lead out designates the end of a logical volume. The PCA (power calibration 
area) consists of a test pattern on media that calibrates the laser's recording power for 
this disc. The PMA (program-memory area) stores physical information about the disc, 
such as the number of tracks. A link terminates a block of data. while a gap is an 
indicator for each physical track. TNxx indicates physical track number xx. 
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By using descriptors, 
the new DIS 13490 
standard allows the 
updating of files ‹ on 


All VDSes, FSDSes, and BDs are en- 
closed in a BEAD (beginning extended- 
area descriptor) and a TEAD (terminating 
extended-area descriptor). Thus, the CD- 
WO EA identifies that the CD-WO vol- 
ume and file-structure standard was used 
to write that disc. The figure “CD-WO Ex- 
tended Area” illustrates the minimum re- 
quired descriptors for a volume or a vol- 
ume set. The BD is optional. 

The ETD is one of the most important 
descriptors in DIS 13490. As the in- 
formation on a disc changes, VDSes, 
FSDSes, and ETDs are used to update 

| the volume and file structure. The 

more a disk is updated, the more com- 
plicated these sequences of descrip- 
tors are. Thus, this standard suggests 
several rules for recording ETDs so 
that they can be searched effectively. 

An ETD contains a pointer to the 
current and previous VDS and FSDS 
and the previous ETD sequence. ETDs 
contain information for locating im- 
portant descriptors. The first is the PTI (path table information); 
the second is the volume-space table, which contains the TSR 
(track specification record). The PTI contains records that point 
to the location of the path table (which is discussed below). The 
TSR contains a set of records that describe a track, noting such 
things as its size and recording format. The figure ““End-Trans- 
action Descriptor” on page 232 illustrates the ETD and the rela- 
tionship between a PVD and previous and current ETDs. 

Multiple PVDs and PTIs allow multiple directory hierarchies. 
A path table specifies the root of a directory hierarchy, each di- 
. rectory in this hierarchy, and its relationship (if any) 
| with other directories in the hierarchy. The path tables 

also supply the location and size of the directory file for 
| each directory in the directory hierarchy. 

Volume-structure descriptors, path-table records, 

| and directory records have an ХАА (extended attribute 

| area). This area provides extension capabilities to the 
standard by providing the incorporation of tag-identified 
| attributes. These attributes are associated with an ordi- 
nary file when the XAA contains tags in the directory 
| record, and they are associated with a directory when the 
XAA contains tags in the path-table record. The XAA 
| can contain several attributes, the number of which can 
| exceed the desired directory (or path-table) record size. 
Or, such a record might contain attributes deemed by the 
| implementation to be located in another extent. In this 
| case, a continuation extent's XAF (extended attribute 
| field) provides this capability. The XAF is used to par- 
tition a designated continuation extent into a system-use 
area and an application-use area. 

By using the descriptors described above, the new 
DIS 13490 standard allows the updating of files on 
CD-WO media as described in the Orange Book. Con- 
sequently, the files can be modified, the directory hi- 
erarchy can change, and directories can be added with- 
in the constraint that write-once media will retain all 
previous revisions of recorded information. The figure 
"DIS 13490 Structure" on page 233 shows a simple set 
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twice the blast, half the slots. 


Now, for the first time, you can get 
single-frame and full-motion video cap- 
ture with 16-bit audio on a single board! 

AlTech’ new Audio/VideoBlender 
provides this double blast in one. Receive 
the same high-quality sound of the 
leading audio board. Plus full-motion 
video capture. All on one board! 

Audio/VideoBlender eliminates the 
need for a separate audio card for captur- 
ing, digitizing and playing back video 
and sound. Saving an expansion slot. 
And, the additional cost of purchasing 
individual video and audio boards. 

With one integrated audio/video 
board, compatibility issues also decrease. 
Spend time on producing videos rather 
than configuring audio and video boards. 

So, with Audio/VideoBlender, create 
Audio/VideoBlender VideoSurge 


O 178b 


© AlTech Intemational, 1993. Audio/VideoBlender, VideoBiender, 
All other 


Pao 


and edit videos for business and home 
presentations with not only full-motion 
video, but 16-bit PC audio. Display color 
resolutions of 16-bit (64K) colors, 15-bit 
(32K) colors or 256 colors are available. 
Plus, connectors for NTSC or PAL 
signals. Conversion from the AlTech 
format to various video capture formats 
including Microsoft AVI and Intel Indeo 
is also provided. 

For increased sound impact, 
Audio/VideoBlender offers 16-bit digital 
recording with stereo line-in and micro- 
phone input. Up to two simultaneous 
audio source inputs with software 
selection control for microphone input 
or audio line-in are also available. 

If audio functions arent a requirement, 
AlTech offers the VideoBlender. All the 
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features of the Audio/VideoBlender are 
offered except built-in audio. 

AITech can assist you with other desk- 
top video needs too. We offer a complete 
line of fully compatible DTV products, 
including integrated audio/video output, 
compression and genlock/overlay 
products, and audio/video encoders. 

For a double blast in one, or informa- 
tion on our other products, contact your 
local dealer or call us at 1-800-882-8184 
or 1-510-226-8960, or fax 1-510-226-8996. 


AlTech International, 47971 Fremont Blvd., 
Fremont, СА 94538 


Al lech 


gamePlayerT¥ 
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VideoSurge, WaveWatcherTV, audioSHOW, gamePlayerTV and ProPC/TV Pius are trademarks of AlTech Intemational. 
are the property of their respective hokders. Specifications are subject to change without notice. 
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of directory hierarchies that can be built with this standard, as well 
as the updated structure when a file is added to a subdirectory. 


Recording Methods 

The Standard of Recording (i.e., “Orange Book Part II: CD- 
WO," N. V. Philips and Sony, November 1990) identifies two 
methods that specify which tracks on a disc can be recorded. 
These methods are track-at-once and incremental, with either 
fixed- or variable-length packets. Each recording method has a dif- 
ferent addressing scheme that has advantages specific to certain 
applications. 

Track-at-once, the only method widely used in the current 
market, refers to recording one or multiple tracks in one unin- 
terrupted stream. À simpler version of track-at-once is volume-at- 
once, which refers to the recording of a complete CD-WO volume 
in one uninterrupted stream; this is how CD-ROM is mastered. 
By using the track-at-once method, you can do stepwise creation 
of a CD-WO disc, with up to 99 tracks possible (see the figure 
"Volume-at-Once vs. Track-at-Once" on page 234). 

Incremental recording refers to writing within a track with 
multiple data streams, where they are separated by gaps. The 
recording of these streams need not be done at once. Streams 
within a track can be either fixed-length (i.e., they are all the 
same length) or variable-length. However, this scheme requires 
that existing players recognize new information that resides 
among data streams. This embedded information cannot be rec- 
ognized by existing CD-audio and CD-ROM players. 

А multisession disc is a special version of a CD-WO disc. А 
session is a sequence of one or more tracks where the track num- 
bers form a continuous, ascending sequence. Each session could 
be an ISO 9660 volume. 

Note that both CD-ROM (Yellow Book) drives and CD-WQO/ 
CD-R (Orange Book) drives do not support all types of recording 
schemes. For example, most CD-ROM drives can read only those 
discs that are recorded in a single-session, track-at-once format. 
Also, one brand of CD-WO recorder can record discs only with 
the track-at-once method. Users need to be aware of these limi- 
tations when deciding what type of CD drive to purchase. Al- 
though the logical format of a disc conforms to the standard, the 
disc might not be readable by some drives. 

Within a year, most CD-WO drives should be able to record 
and read ali three types of recording schemes. Also, new CD- 
ROM drives should be able to read all types of CD-WO discs. Ш 


Editor's note: DIS 13490, also known as ECMA 168, is available 
from the European Computer Manufacturers Association, 114 Rue 
du Rhóne, CH-1204, Geneva, Switzerland; phone: +41 22 735 36 
34; fax: +41 22 786 52 31. The research described in this article 
was carried out by the Jet Propulsion Laboratory at the California 
Institute of Technology, under a contract with NASA. Reference 
herein to any specific commercial product, process, or service by 


trade name, trademark, manufacturer, or otherwise does not 
constitute or imply its endorsement by the U. S. government or the 
Jet Propulsion Laboratory. 
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Much has been written about OLE 2.0, 
and a great deal of it smacks of resis- 
tance and harsh criticism. Much of the 
furor over OLE 2.0 seems to arise from 
its purported complexity and from the apprehension and 
resistance that accompany a paradigm shift. It seems that 
software developers, faced with another challenging ad- 
vance in software interoperability, are not amused. 

The problem is one of perception. Many perceive OLE 
2.0 as a newfangled cosmetic add-in for Windows 3.1, 
along with a needlessly complex set of specifications 
and implementation requirements. In fact, OLE 2.0 marks 
the delivery of new operating-system software and pro- 
vides new tools for managing complexity and solving 
problems. From a marketing perspective, Microsoft has 
done a great job of packaging this new ar- 
chitecture. Unfortunately, lost amid the en- 
suing chaos is the greater impact of a fun- 
damental improvement in how objects of 
“user-level” granularity are distributed and 
packaged in a GUI environment. Add in a 
dash of C++ fundamentalism, and you've 
got the makings of an object holy war. 


Interface Rigor 
If you get past the OLE rhetoric and mar- 
ket-speak about visual (i.e., in-place) edit- 
ing, document centricity, automation, and 
so on, what remains is a fundamentally rig- 
orous and practical architecture for packag- 
ing and reusing software objects. In OLE 
2.0, this elegant underlying architecture is 
called the Component Object Model. Un- 
derstand this architecture, and you've got 
OLE licked. Fail to grasp its nature, and 
you're forever mired in a sea of unfamiliar 
complexity. Fail to appreciate its value, and 
you're condemned to sit by and watch a 
software industry reorient itself around a 
standardized component marketplace. 
The pundits raise three major issues: (1) the apparent 
disparity between OLE's object model and the inheri- 
tance-based С++ object model, (2) the amount of over- 
head involved in implementing an OLE object, and (3) the 
sacrilege of suggesting the impending disappearance of 
applications software from the GUI desktop. The first 
two can be resolved through a better understanding of 
the problems the Component Object Model was designed 
to solve. ГЇЇ tackle them one at a time. I leave the third 


Some Assembly Required 


Subclassing in OLE 2.0 


it’s not just an API anymore: The Component Object Model of 
OLE 2.0 is the beginning of object-oriented system services 


issue to be resolved by time itself, and its realization a tes- 
tament to the foresight of the OLE architects. 


OLE and C++: A Match Made in Purgatory 

The first issue might be restated as a proposition: “For 
Windows to be a true object-oriented system, it should be 
based on an object-oriented language (e.g., C++) featur- 
ing encapsulation, inheritance, and polymorphism. The 
role of the programmer is to refine the functionality of the 
base system.” OLE does not fully subscribe to or en- 
dorse this model as the proper solution for system-level 
(large granularity) software interconnection. 

Thus, under OLE 2.0, the use of C++ or inheritance 15 
strictly relegated to an internal component implementa- 
tion detail. Other languages and software techniques can 
be used to implement objects. Publishing an object to be 
employed by people requires that the object expose a 


standard and rigorous interface. 

OLE’s lack of support for a standardized inheritance 
mechanism merely indicates that inheritance is inappro- 
priate for rigorous, standardized software interconnec- 
tion between components due to be aggregated into ap- 
propriate solutions by the end user. Of the other criteria 
for object orientation, encapsulation holds the place of 
honor, with polymorphism —or rather, reuse of inter- 
face—playing a secondary role. continued 
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INSTANCE.CPP: A minimal OLE application that instantiates the CPoly 
object from the OLE developer’s kit. 


#include «windows.h» 
#include «ole2.h» 


// 


// This line is stolen from \OLE2\SAMP\DISPDEMO\CLSID.H, and it 
// represents the definition of a unique class identifier for 
// the CPoly polygon server used in the IDispatch sample. 


// 
DEFINE_OLEGUID(CLSID_CPoly, 0х02020462, 0, 0); 
int PASCAL WinMain (HANDLE hInstance, 
HANDLE hPrevinstance, 
LPSTR lpCmdLine, 
int nCmdShow) 
{ 
BOOL fOk = (OleInitialize (NULL) == МОЕВКОК) ; 
if (РОК) 
{ 
IUnknown FAR* pIUnknown; 
// Creates an instance of the 
// class identified by CLSID CPoly 
HRESULT hResult = CoCreateInszance( CLSID CPoly, 
NULL, CLSCTX LOCAL SERVER, IID IUnknown, 
(void FAR* FAR*)&pIUnknown);: 
if (hResult == NOERROR) 
i 
MessageBHox( NULL, 


"pIUnknown is pointing to an instance of the CPoly class.", 


"Hello World", MB ОК); 


// Release is equivalent to 'destructing' the object 


pIUnknown-»Release(); 
] 
OleUninitialize(); 
) 
return fOk; 
} 


// Ignore this for row 
#include «initguid.h» 


DEFINE OLEGUID(CLSID CPoly, 0x00020462, 0, 0); 


OLE Object-Implementation Overhead 
The second issue seems to arise when the neophyte OLE pro- 
grammer is faced with the complex administrative burden of im- 
plementing an OLE object or, worse, of implementing a multi- 
plicity of objects and interfaces in a fully OLE-enabled application. 
Windows 3.1 introduced a new administrative tool, a version 
resource, which allowed proper upkeep of shared DLL and EXE 
packages. OLE 2.0 introduces interface contracts, a system reg- 
istry for objects, globally unique class and interface identifiers, and 
a binary standard for exposing interface VTBLs (virtual func- 
tion tables). The administrative overhead in implementing an 
OLE object under the Component Object Model is considerable, 
but it's a fundamental prerequisite to robust interoperability. 


Interfaces as Contracts and Objects 

Conceptually, an OLE interface (or protocol) specifies a con- 
tract between two parties (i.e., software components). For in- 
stance, to implement drag-and-drop under OLE 2.0, the source and 
target windows agree to a protocol that involves two interfaces, 
IDropSource and IDropTarget. Under the terms of the 
contract, the window capable of having objects dropped on it 
implements the functions defined by the IDropTarget inter- 
face. The window providing the objects that are dragged and 
dropped onto the target window implements the functions in the 
IDropSource interface. In this case, the protocol involves two 
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separate parties and two separate interfaces. The 
rigor of this contract ensures that drag-and-drop 
functionality is implemented uniformly through- 
out the system. 

Unlike an informal grouping of function calls, 
an OLE interface binds a set of function calls 
together into a unit as an opaque means for ac- 
cessing an object. Contrast this with a more in- 
formal set of functions in a conventional API. 
The Component Object Model defines a binary 
specification of what an interface looks like. 
More concretely, it specifies a binary descrip- 
tion of what an interface is. 

This binary specification has these four goals: 


1. To provide a function-invocation mechanism 
that provides a compile-time-type-safe and 
opaque means for manipulating a software com- 
ponent object 
2. To provide polymorphic interfaces for differ- 
ent classes of objects with similar behaviors 
3. To provide a limited inheritance from a com- 
mon shared interface, called Unknown (analo- 
gous to a base superclass called Object in a 
standard, singly rooted inheritance hierarchy) 
4. To allow objects in the local process space 
and those in remote process spaces to be ma- 
| nipulated in a uniform manner 


To achieve these goals, the Component Object 
Model uses a binary specification of an inter- 
face object as a pointer to an opaque chunk of 
memory whose first 32-bit element is a pointer 
to an array of function pointers representing the 
methods that encapsulate the object. This array 
of function pointers is a VTBL. 


Do-It-Yourself Polymorphism 

Consider the problems a VTBL interface sets out to solve. Imag- 
ine being exposed to Smalltalk in an educational setting and, in 
your first C programming assignment, being asked to implement 
an object-oriented, polymorphic class hierarchy with inheritance. 
The first practical C++ compiler for your operating environment 
would not be available for several years. 

One solution would be a message-passing architecture similar 
to the one used in the window manager of Microsoft Windows. 
In this model, polymorphism is achieved through generic param- 
eters whose contents are interpreted according to the message 
context. Inheritance is achieved by chaining uniformly defined 
message-handling functions. The message-handling function that 
first receives the message represents the most specialized subclass 
in the inheritance hierarchy. It can choose to discard, implement 
behavior for, or pass a message on to the handler of its immedi- 
ate superclass, Unfortunately, this method is ill-equipped to han- 
die data definitions at each successive subclass in a hierarchy. 

Another solution strikes closer to the heart of the binary in- 
terface standard of the OLE Component Object Model: You en- 
vision the accretion of both data and functions as proceeding in 
an orderly fashion down from a general superclass to a specific 
subclass. Since you're a C programmer fond of malloc () and 
free (), you have decided that an object be instantiated by 
mal loc () and destroyed by free (). To separate the behav- 


ior from the private data of these objects, you decide to make 
the first data element of every object a pointer to an array of 
function pointers. Each successive specialization in the class hi- 
erarchy can add its own new functions to the array of function 
pointers and its own new data to the private data definition. Only 
one array of function pointers need be maintained for each class. 
This is exactly the binary model used in a single-inheritance 
C++ class hierarchy. C++ multiple inheritance introduces vul- 
garities to this otherwise comprehensible and clean model. 


Proxy Interfaces for a Uniform Representation 

The Component Object Model lets consumers manipulate ob- 
jects only through the object’s interface 
pointer. Given this opaque definition of 
an interface, the Component Object Mod- 
el’s final goal can be realized: accessing re- 
mote and local objects in a uniform way. 

Consider a rectangular chart object that 
has been inserted into a spreadsheet ap- 
plication. The spreadsheet manipulates the 
chart object’s contents by invoking func- 
tions on the object’s OLE interfaces. But if 
another application program implements the chart object, the ac- 
tual implementation is performed in another process space. There- 
fore, the interface pointer used by the spreadsheet application 
points not to the chart object itself, but to a proxy representation 
of the chart object’s interface in the local process space. The 
proxy object forwards the methods invoked on this local interface 
(through a lightweight RPC, or remote procedure call) to the ac- 
tual implementation in another process space. 

This is the fundamental magic of OLE 2.0. By performing a 
major behind-the-scenes effort, OLE exposes a uniform and fa- 
miliar (i.e., function through-pointer invocation) means for ma- 
nipulating all objects in the system. 


the object’s 


A Minimal OLE Program 

Rather than jump into a fully capable 
OLE application with thousands of lines 
of code, look at the INSTANCE.CPP 


The Component Object Model 
allows the consumer to 
manipulate objects only through 


interface pointer. 


know nothing of each other can communicate by invoking func- 
tions on objects owned by one another. The registration data- 
base is a key part of the process, providing a central repository 
(i.e., catalog) of system parts. 


Creating an Instance of an OLE Object 
Look at INSTANCE.CPP again. This code shows how to cre- 
ate an instance of an object. To instantiate an object, you need to 
know its globally unique class identifier. These class identifiers 
are stored in the registration database (where you'd normally be 
obtaining it). But for the sake of clarity, I’ve taken a copy of the 
definition of the class identifier for CPoly from the code to 
DISPDEMO, included in the OLE developer's 
kit, and placed it directly in INSTANCE.CPP. 
The interface pointer returned by the Co- 
CreateInstance() function represents 
the instantiated object. Having a pointer to 
the [Unknown interface is like having a 
pointer to CObject, the root class, in 
MFC (Microsoft Foundation Classes). You 
know nothing specific about the object ex- 
| cept how to release your reference to it 
(IUnknown: : Release () ) and how to 
ask it for other interfaces it may support 
(IUnknown: :QueryiInter face). 
To run INSTANCE.EXE on your sys- 
tem, your computer has to have the OLE 2.0 developer’s library 
installed. If the Dispatch polygon sample programs function 
correctly, INSTANCE .EXE should, too. This is a large-model 
program created with Microsoft Visual С++; it links implicitly to 
the OLE2.LIB (OLE2 .DLL) and COMPOBJ.LIB (COMPOBJ 
.DLL) import libraries. 


The Subtleties of Using Interfaces 
Now that you have had a chance to examine the instance appli- 
cation, you should be familiar with the basics of OLE objects: 


listing—the OLE equivalent of “Hello 
World." As you can see, the most basic 
requirements for an OLE application 
do not extend much beyond the basic 
requirements for a standard Windows 
application. Execution begins at Win- 
Main, and two additional calls, Ole- 
Initialize() andOleUnini- 
tialize(), are required for a bona 
fide OLE application start-up and shut- 
down. The rest of the code involves in- 
stantiation, our next topic. 

Remember (from OLE 1.0) that the 
OLE system maintains a system reg- 
istry—essentially a hierarchical data- 
base containing information about each 
OLE-capable object server on your 
computer. Each OLE application is re- 
quired, as part of its setup program, to 
merge its information with the registra- 
tion database. Instantiating an OLE ob- 
ject is similar in principle to late binding 


or dynamic linking. Applications that | 


QUERYINTERFACESOF is a method of the CBrowseDlg class, which, when given a 
pointer to the IUnknown interfaces, invokes the Query Interface method to see 
what interfaces are supported by the object. For each interface that is supported, it 
adds the name to the listbox. 


void CBrowseDlq: :QueryInterfacesOf (IUnknown FAR* pIUnknown) 
{ 
POSITION Position = m RegInterfaces.GetHeadPosition(); 
COLEInterface *pInterface; 
while ( Position && (pInterface = 
(COLEInterface *)m RegInterfaces.GetAt(Position))) { 
const char * Name = (const char *) (*pInterface->GetName()); 
IID InterfaceId; 
if (NOERROR=*IIDPromString( {char*) (const char *) 
(*pInterface->GetIID()), &Interfaceid)) { 
IUnknown FAR* pQueriediInter face; 
if (pIUnknown-?QueryInterface(InterfaceId, 
(void **)&pQueriedInterface)--NOERROR)] { 
m InterfaceLB.AddString( Name ); 
pQueriedInterface-»Release(); 
] 
] 
pInterface = 
(COLEInterface *)m RegInterfaces.GetNext( Position ); 
} 
m_InterfaceLB.AddString( "IUnknown* ); 
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constructing an instance of a class, invoking functions on the in- 
terface pointer (instance), and destructing the instance (Re- 
lease). It's time to expand the scope of this discussion. 

Obviously, the interface IUnknown, with just three mem- 
bers (i.e., QueryInterface, AddRef, and Release), has 
limited applicability for creating a compound document imple- 
mentation with in-place editing, OLE automation, and the like. 
Under OLE 2.0, you generally do object instantiation by re- 
questing a new instance represented by a pointer to the IUn- 
known interface (as in INSTANCE.CPP). The consumer using 
this object then queries the object about its capabilities by re- 
questing further, more specific, interfaces through the Query- 
Interface() function. 

If the object is capable of supporting the functionality implied 
by the interface, Query Interface() gives the consumer ad- 
ditional and more capable means of manipulating the object. An 
application developer can begin by implementing a few inter- 
faces and successively add functionality until the complete OLE 
feature set is realized. 

IBROWSE.EXE is a small program that demonstrates the gen- 
eralized model of locating and instantiating objects by way of 
the system registry. It also demonstrates the use of Query In- 
terface()asameans of interrogating an object to determine 
that object's capabilities. The program enumerates all the object 
classes in the registry. You simply choose a class from the first 
listbox, and you see a second listbox populated with the names of 
the interfaces that an object of the selected class is capable of 
supporting. 

IBROWSE.CPP simply instantiates the object requesting the 
IUnknown interface. Once this interface has been obtained, 
IBROWSE.CPP enumerates all the interfaces listed in the system 
registry, calling Query Interface () onthe [Unknown point- 
er for each interface type. By simultaneously examining this pro- 
gram and exploring the structure of the system registration data- 
base, it's easy to understand the role of the registry in OLE 2.0. 
QUERYINTERFACESOF is from the IBROWSE source code. 
(You can explore the structure of the system by using the REGED- 
IT.EXE utility with /v on the command line. This utility is dis- 
tributed with the source code associated with this article.) 

Because of the opaque nature of interfaces, and because the im- 
plementation and interface of an object can span process and 
even machine boundaries, managing memory in this object mod- 
el has some inherent complexity. Unfortunately, the Component 
Object Model places the burden of managing this complexity 
squarely on the shoulders of the implementer. Ironically, just as 
C- introduced a convenient automatic constructor/destructor 
model for reducing memory management complexity common in 
C programs, the Component Object Model introduces a refer- 
ence-counting system. But unlike in Smalltalk, which provides au- 
tomatic language (i.e., transparent) support for object reference 
counting, the С++ or C programmer has to be mindful of a bevy 
of reference-counting rules. Two steps forward, one step back. 

For simple programming examples like the ones accompany- 
ing this article. the use of reference counting is trivial. As the 
implementer creates an instance of an interface pointer for the con- 
sumer, the reference count on that interface is bumped by one. 
This is not evident in the accompanying listings because it takes 
place in the private code of the application (or DLL). The use of 
Release () (invoked on IUnknown)is visible in IBROWSE 
.CPP: Each interface pointer obtained from Query Inter- 
face ( ) is released, as is the initial interface pointer obtained by 
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Subclassing and OLE Interfaces 

I mentioned earlier that the Component Object Model does not al- 
low subclassing—that is, taking an existing interface and refin- 
ing the behavior of methods in that interface. However, just as 
every great musician eventually learns the appropriate time to 
break rules concerning embouchure, harmony, and form, making 
maximum use of the OLE architecture smacks of misbehavior. 

Subclassing under OLE 2.0 is as simple as providing an in- 
termediary any time a request is made for an interface pointer, 
through either Query Interface() or standard function calls 
to the OLE libraries, like CoCreateInstance (). The inter- 
mediary forwards the call to obtain the interface pointer. However, 
it also creates a mock interface, stores the actual interface point- 
er in this mock interface's private data, and passes the mock in- 
terface back to the caller. Since the details of the interface meth- 
ods are well known, any function invoked on the mock interface 
can be forwarded to the actual interface with any desired pre- or 
post-processing. 

Not surprisingly, this is also an accurate description of the 
proxy-interface stubs and marshalling used by the OLE system to 
forward method invocations over process boundaries. Using 
these techniques completely violates the pure theoretical under- 
pinnings of interfaces under the Component Object Model, so 
if anyone asks how you happened on the notion, Га appreciate it 
if you recall how it came to you in a dream. 

Hooking into standard function calls like CoCreateIn- 
stance() can be messy. However, there's a much easier, flex- 
ible, and general method, illustrated by the HANDLER sample in 
the OLE 2.0 developer's kit. The sample illustrates the use of 
subclassing in creating a nifty debugging tool. 

HANDLER is an example of exposing OLE interfaces from a 
DLL instead of by a separate EXE. It stands as an intermediary 
directly between the consumer and the provider of interfaces by 
rewriting the registration database entries to trick the OLE system 
into requesting interfaces from the handler instead of from the ac- 
tual objects (tucking the original entries away for safekeeping). 

The Component Object Model affords other conveniences for 
large-granularity reuse through aggregation. But the number of 
practical circumstances in which granular objects can be aggregated 
into new entities is yet to be adequately demonstrated. For some, 
genetically mutating Excel with PageMaker through aggregation 
may be the fulfillment of a lifelong dream; for others, decidedly not. 

Dispelling any initial impressions of OLE 2.0 that you may 
have gathered may not always be easy. However, aside from the 
thorns surrounding reference-counting semantics, the model un- 
derlying OLE 2.0 is well thought out, clean, and simple. In fact, 
the uniformity and simplicity of the model make it possible to at- 
tempt such wondrous feats of software as in-place editing. 
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No software designer committed to object-oriented methods, 
usability, or the benefits of software systems that can be suc- 
cessfully managed will think twice about employing OLE. Those 
who do hesitate will one day complain that Microsoft unfairly 
dominates component software solutions, even though today we 
all stand as equals on the threshold of this new order. W 


Editor's note: Both source code and executable files are available 
electronically; see page 5 for details. 


Gen Kiyooka (San Diego. CA) likes OLE and its implications and, as a tool 
developer, welcomes any suggestions that will make the construction of OLE 
software components pleasurable and productive. You can reach him on the 
Internet or BIX at gen@bix.com, 


JERRY POURNELLE 


Travels and Travails 


The good news is that we have the Novell NetWare server 
running. Alex installed NetWare 3.11 on a Gateway 2000 4DX2- 
50, and all went well. I haven’t had a chance to work with it 
much yet, but at least it’s installed. Windows for Workgroups 
is no bad start on LANs for small businesses, but it does have 


limits; in particular, it hasn't been reliable with large-capacity F 


optical drives (see below), doesn’t have security, and has very & 
limited support for DOS machines. We’re looking forward to 
working with NetWare to link up Windows, OS/2, and Macs. 
We're using NetWare 3.11 rather than version 4.x because I’m ins 
told that getting 4.x up and running can be more difficult, and 
since I don't have multiple servers or a complex system, version 


3.11 is good enough. I expect I'll know a lot more about that in a month or so; 


stay tuned. 


One reason I didn't get to the network earlier was that the trips haven't 
stopped. Three this month—I’m writing this crammed into steerage class on 
a cross-country flight. I was asked to lecture on space operations to the Air War 


College at Maxwell AFB in Alabama, and the 
U.S. government not only wants my time for 
what amounts to no fee, but they will pay only 
for a tourist-class seat. With all my travel, I have 
upgrade certificates, but I didn't manage to book 
an upgraded seat; which gives me an opportunity 
to test laptops under ghastly conditions. 

One trip I did thoroughly enjoy was to White 
Sands Missile Test Range to watch them launch 
my spaceship. Actually, DC/X isn't quite a 
spaceship, and it isn't really mine; it's a one- 
third scale model of the spaceship that General 
Graham, Max Hunter, and I sold to the Nation- 
al Space Council in 1989. McDonnell Douglas 
managed to build it on time and in budget, and 
it flew precisely as expected, going up, hovering, 
and landing on a tail of fire. 

My present trip combines my lecture at the 
Air War College with a trip to Washington to 
talk with members of Congress about how we 
can revive the X programs, which enabled the 
U.S. to dominate world aerospace for three 
decades after World War II. Alas, the only peo- 
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ple who remember how the X programs worked 
are dinosaurs like me. 

The X programs were not big operational proj- 
ects, nor were they prototypes. They were small, 
tightly managed projects using the best avail- 
able technology to build the best test vehicles 
we could make. The output was a practical ap- 
plication of new technologies that could then 
be used by industry to build operational aircraft. 
The effect was to reduce technical uncertain- 
ties. Firms could concentrate on using that tech- 
nology to build marketable products. Entrepre- 
neurs will take market risks or technical risks, 
but faced with both, they’d rather put their 
money in something less uncertain. 

The X programs gave us a long period in 
which it would have been thought absurd for a 
major airline to buy airplanes from anyone but 
U.S. companies. Then McNamara canceled the 
X programs in the name of arms control. Now, 
you're as likely to fly on an Airbus as a U.S. 
plane, and the Brazilians are selling us com- 
muter airplanes. How are the mighty fallen.... 

continued 
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Traveling, lecturing, 
lobbying, watching 
the launch of a 
spaceship, testing 
modems, setting up 
a NetWare network, 
having printing 
problems, getting 

а new monitor— 
Chaos Manor 

is aptly named 


BYTE 243 


AMY ETRA © 1994 


Pournelle 


I'm writing this on the ancient 
Zenith Mastersport 386SL, which turns 
out to be endurable even in steerage. The 
Mastersport has a smaller screen than some 
of the newer laptops, but that's counter- 
balanced by that splendid Zenith keyboard 
and a general feel that just plain works; 
and perhaps the small screen is an advan- 
tage given the cramped working space. 
I’ve carried a lot of laptops, and I’ve liked 
several of them; but every time, I find my- 
self coming back to this old Mastersport. 


I remember when 9600-bps modems 
were a big deal; now they all come with 
14.4 Kbps, and many are even faster. 
Whether you can use that new speed is an- 
other matter. The latest arrival at Chaos 
Manor is the ATI 14400 ETC. ATI Tech- 
nologies is no newcomer to the modem 
game. Many of my friends are very fond of 
their communications equipment. 

The ATI 14400 ETC modem comes 
with a communications program called 
Comit and SofNet's FaxWorks 3.0 for 
Windows. I can't recommend Comit at all, 
but the modem works all right with Data- 
storm's Procomm Plus and HyperAccess, 
which some columnists swear by. Fax- 


Works isn't my favorite laptop fax pro- 
gram for Windows—I’m more familiar 
with BitFax, which comes with the 
AT&T/NCR machines—but it seems to 
work all right. 


Washington, D.C., has lousy tele- 
phones, as I discover every time I go there. 
Whatever modem I carry, I have trouble 
getting on-line at all, and I almost never 
manage to connect at 9600 bps. On this 
last trip, I traveled light: no checked lug- 
gage, just a briefcase and my wheeled car- 
ryons. After I got my clothes and tooth- 
brush in, there was precious little room 
for electronics, so I carried Macronix's 
MaxLite 144 fax modem, which is only 
slightly larger than a pack of cigarettes. 
When it came time to connect to Tymnet in 
Washington, I found that a 9600-bps con- 
nection was impossible. It took three tries 
to get on at 2400 bps with error correc- 
tion. That worked, but there was so much 
error correcting, it felt like 300 bps. 
When I got home, I decided to experi- 
ment. Was my problem with the Master- 
sport, the MaxLite 144, or Procomm? The 
first move was to call the Washington 
9600-bps number with my standard set- 


up: the Big Cheetah 486, Procomm run- 
ning as a DOS program under Windows, 
and a USRobotics Courier HST Dual Stan- 
dard 14.4-Kbps modem. I' ve always con- 
sidered the USRobotics modem the all- 
around best one available for connecting to 
noisy lines. (Also, USRobotics updates 
their firmware for modems in the field; 
have you registered your modem?) 

When that worked on the first try, I tried 
the 9600-bps number with the Mastersport 
and the MaxLite 144. No lock in three 
tries. At 2400 bps, I got a lock, but it was 
a slow throughput, just like when I was in 
Washington; so at least the condition was 
repeatable, and I could run some tests. 

I got the same result with the MaxLite 
144 and Big Cheetah, so it wasn't likely 
that the problem was a bad serial port on 
the Mastersport. To be sure, I tried the US- 
Robotics modem on the Mastersport and 
got a 9600-bps connection first thing. Then 
I tried the SupraFaxModem 14400. That 
locked on at 9600 bps, but it needed two 
tries. At 9600 bps, the ATI modem locked 
on first try. No difference between the ATI 
and the USRobotics modems in several 
trials; both worked perfectly. Several tries 
with the SupraFaxModem showed that it 
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STATISTICA/w" (for Windows) Complete Statistical Sys- 
tem with thousands of on-screen customizable, presentation-quality 
graphs fully integrated with all procedures m Complete Windows 3.1 
support, DDE, OLE, TT-fonts, multiple toolbars, right mouse button | gues س‎ : T uL TA ce = -— E. 
support ш Unlimited numbers of data-, resulis-, and graph-windows Фиат - = ur ا ج‎ занае ——— i 
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comprehensive implementations of: Exploratory techniques; multi- 
way tables with banners (presentation-quality reports); nonpara- 
metrics; distribution fitting; multiple regression; general nonlinear 
estimation; stepwise logiVprobit; general ANCOVA/MANCOVA; step- 
wise discriminant analysis; log-linear analysis; factor analysis; clus- 
ter analysis; multidimensional scaling, canonical correlation; item 
analysis/reliability; survival analysis; time series modeling; forecast- 
ing; lags analysis; quality control; process analysis; experimental de- 
sign (with Taguchi); and much more ш Manuals with comprehen- 
sive introductions to each procedure and examples m Hypertext- 
based Stats Advisor expert system m Extensive data management fa- 
cilities (spreadsheet with long formulas, block operations, ad- 
vanced Clipboard support, DDE hot links, relational merge, data 
verification, powerful programming language) m Batch command 
language and macros also supported, "turn-key system" options 
All output displayed in Scrollsheets™ (dynamic, customizable, pres- 
entation-quality tables with toolbars, pop-up windows, and instant 
2D, 3D and multiple graphs) @ Extremely large analysis designs 
(e.g., correlation matrices up to 32,000x32,000, unlimited ANOVA 
designs) = Megafile Manager with up to 32,000 variables (8 Mb) 
per record m Unlimited size of files; extended (“quadruple”) preci- 
sion; unmatched speed m Exchanges data and graphs with other ap- 
plications via DDE or an extensive selection of file import/export fa- 
cilities m Hundreds of types of graphs, including categorized multi- 
ple 2D and 3D graphs, matrix plots, icons, and unique multivariate 
(e.g., 4D) graphs m Facilities to custom design new graphs and add 
them permanently to menu m On-screen graph customization with 
advanced drawing tools, interactive stretching and resizing of com- 
plex objects, interactive embedding of graphs and artwork, specia! 
effects, icons, maps, multi-graphics management, page layout con- 
trol for slides and printouts; unmatched speed of graph redraw m 
Interactive rotation, perspective and cross-sections of all 3D and 4D 
graphs m Extensive selection of tools for graphical exploration of 
data: fitting, smoothing, overlaying, spectral planes, projections, lay- 
ered compressions, marked subsets в Price $995. 
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ible data analysis system m Price $795. 
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TISTICA/Dos statistics and graphics m Price $295. 


Domestic sh/h $10 per product; 14-day money back guarantee. 
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would always work, but sometimes it did 
need two tries. I never got a 9600-bps lock 
with the MaxLite 144. 

After that, I tried a particularly noisy 
path line to an Internet node down toward 
San Diego. It’s a good test; of all my 
modems, including the ATI, the only one 
that would work at 9600 bps was the US- 
Robotics, and it took two tries before it 
got an error-correcting lock. All the others 
failed no matter how often I tried, despite 
experiments with initializations. 

The ATI modem comes with good man- 
uals, and it’s generally easy to set up, but 
you may have to try different setup strings. 
The USRobotics modem generally works 
with its default settings. I have similar re- 
ports from Mike Banks, the coauthor of 
my communications book. If you deal with 
lousy communications nodes, you’ re bet- 
ter off using a USRobotics modem. The 
ATI 14400 ETC is nearly as reliable. 

Of course, both those modems are big. 
If you’re traveling, the SupraFaxModem 
costs less, is much smaller and lighter, and 
will generally do the job, but it’s still bulky 
compared to the MaxLite 144. The Max- 
Lite 144 can be battery-powered, but, alas, 
it won’t always connect at 9600 bps. How- 
ever, it usually will get 9600 bps, and it 
always seems to work at 2400 bps. 


I have found a real glitch in the 
networking capability of Windows for 
Workgroups, but I learned to love Maxi- 
mum Storage’s Duette optical drive. My 
Windows for Workgroups network usu- 
ally consists of four machines: three 486s 
of various speeds and one 386. Windows 
for Workgroups is a peer-to-peer network 
and doesn’t really have servers, but the 
386 sort of functions that way. It sits back 
in the cable room and is loaded down with 
assets to be used by the other machines. 
In particular, it has a Pioneer DRM-604X 
Minichanger CD-ROM drive and a Pio- 
neer read/write optical drive, which I use 
for archiving programs and book files 
when I am done with them. 

Sometimes, when I use File Manager 
to move a big chunk of stuff across the 
network to the Pioneer optical drive, the 
system will trundle along for a while and 
then lock up. When it does that, it locks 
up cold, and I can’t access either the send- 
ing system or the 386 “server” where the 
optical drive resides. When that happens, 
I can generally use Ctrl-Alt-Del on the 
sending system; to close File Manager, 
and after a while, something times out over 
on the 386. I'll then find that some files 
have been moved and some haven't. 

I confess this annoyed me, but it didn't 
happen often enough that I really worried 


about it. No data was lost, and nothing was 
irretrievably locked up. While my general 
philosophy is that if an error rate is high 
enough to measure, it's too high, there 
were so many possibilities—the Pioneer 
optical drive, the Cheetah 386, one of the 
network cards, Windows for Workgroups 
itself —that 1 just learned to live with it. 

Then I got the Duette drive. This thing 
is the fastest optical drive I’ve ever seen. I 
used a Future Domain SCSI card to install 
it on a Gateway 2000 4DX2-66, and it just 
screamed. Meanwhile, I did have the prob- 
lem of storing a whole bunch of installed 
applications files while I reformatted the 
PS/2's hard disk. The simplest way was 
to use LapLink Pro and a parallel port to 
move the files to the Duette. That's much 
slower than the slowest network, but it 
does work. 

My first attempt wasn't very success- 
ful. Since the Duette seemed to work just 
fine under Windows-——it appeared as drive 
D on the Gateway 2000—I did the file 
transfer with the Gateway 2000 running 
Windows for Workgroups and the PS/2 
running OS/2. This had the advantage that 
I could move files between the PS/2 and 
any computer on the Windows for Work- 
groups network. However, when I started 
moving huge blocks of files from the PS/2 
to the Duette, odd things happened, and 
eventually the system locked up. 

The remedy to that was to exit Win- 
dows and run LapLink Pro under DOS on 
the Gateway 2000. That worked fine, and 
pretty soon I had 400 MB of files trans- 
ferred from the OS/2 system. When I put 
the Gateway 2000 back into Windows for 
Workgroups, I had no problems moving 
files from the Duette to other machines. 

So far, so good; but then I tried to move 
some files across the network to the Duette. 
Pretty soon the system locked up, exactly 
as it had with the Pioneer optical drive, so 
I had the same problem with two differ- 
ent computers running two different opti- 
cal drives. Clearly, Windows for Work- 
groups isn't happy about networking to 
optical drives. 

OK, thought I: I'll move the files to the 
Gateway 2000's hard drive and then move 
them again onto the Duette. That way, I 
won't be writing to the optical drive across 
the network. 

The transfer to the Gateway's hard 
drive worked fine, but when I moved this 
big block of stuff onto the Duette—a local 
move—once again it locked the system. I 
exited Windows and used Norton Com- 
mander to move the files under DOS. That 
was no problem. I’m told that people run- 
ning straight Windows don't have prob- 
lems with file moves, so 1 concluded that 


Windows for Workgroups doesn’t really 
understand large optical drives. There’s a 
new version (3.11) of Windows for Work- 
groups coming out soon. It's supposed to 
fix a lot of problems and provide many 
new features. I'll try that when I get it. 


We have Windows NT, both in 
shrink-wrapped copy and in the Win32 
SDK (Software Development Kit). The 
SDK comes with a CD-ROM chock full of 
development tools, including NT 3.1, lots 
of code, Visual С++ for NT, a system 
guide, and a partridge in a pear tree. Mi- 
crosoft makes a real effort to get this stuff 
into the hands of software developers just 
as soon as they can, and they set their 
prices as low as possible. Meanwhile, IBM 
had a low-cost special on their OS/2 de- 
velopment and device driver kits, but that's 
over: the price is back up to $600 or so. 

I recall way back when Texas Instru- 
ments' research people produced some re- 
ally interesting software development 
tools. They decided to license and sell them 
at what they thought were fair prices, 
which were still high for developers who 
weren't sure they wanted to work with the 
TI systems anyway. Lo, they sold only a 
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few copies, and not many developers wrote 
applications for TI systems. Moral: making 
money by selling SDKs is eating your seed 
corn. 

[ haven't installed Windows NT, and I 
probably won't for a while. Friends assure 
me that it works, and some people | re- 
spect think it's wonderful, particularly as 
a development environment. I believe this. 
What | don't believe is that Windows NT 
is particularly relevant to small systems 
just now. With regards to PCs, NT is a 
stalking horse that will be relegated to 
much larger systems when the new Mi- 
crosoft “dream” operating systems—code- 
named Chicago and, more important, 
Cairo—come out. (At one time at least, 
there was also a Newark. The slogan at 
Microsoft is “оп to Cairo"; Newark is fur- 
ther than Chicago but not yet to Cairo. In- 
cidentally, I understand that MS-DOS 6 
was code-named Yakima, which is closer 
to Seattle than Chicago.) 

NT's real role is to combat IBM’s high- 
er-end RISC stuff like AS/400. I’m told 
that IBM's AS/400-related revenue in 1992 
was $14 billion, with a $2 billion profit; no 
small sums, even for Microsoft. 

Thus, working with Windows NT is no 


waste of time. In addition, Chicago and 
Cairo will have much in common with 
NT, and it's much in Microsoft's interest 
to provide an easy migration from NT to 
the new RISC-based operating systems 
we're about to see. As desktop machines 
become more powerful, there will be more 
and more integration of software, and NT 
is likely to serve as a bridge between main- 
frames. big workstations, and high-end 
desktop systems. 

I also understand that Chicago will in- 
corporate peer-to-peer networking within 
the operating system. I think Microsoft 
had hoped to bring Chicago out soon, mak- 
ing any improvements to Windows for 
Workgroups a waste of time; but they just 
released a Windows for Workgroups up- 
grade, which may put a handle on when 
they expect to ship Chicago. 


There's too much software that 
won't work and won't tell you why. 
Last night, I found I couldn't print. Chas- 
ing that particular problem down took most 
of the day and was instructive. 

The first thing to check is cables. I 
looked at the printer cable. Just to be sure, 
I got out an Inmac Blue. Inmac cables are 
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pricey, but they’re extremely reliable. 

It wasn’t the cable. Keyboard next: a 
faulty keyboard can overload the A20 han- 
dler and cause odd addressing errors. 
Changing keyboards did no good, so the 
next thing was to define the problem. | 
found that Windows for Workgroups 
would print to my Hewlett-Packard Laser- 
Jet Ш using Q&A Write. That uses a font 
cartridge. However, when I tried printing 
with Word for Windows (which uses True- 
Type fonts), I'd get a line of garbage across 
the top of the first page and dozens of 


pages of blank paper thereafter. 
This is not what a novelist 77 2» 
on deadline needs. Са) 

Next question: Could it-~AK\—- 
be Word? Make a test mes- 
sage in Windows Write and try 
printing that. Same result. 

First things first. I solved the deadline 
problem by using LapLink to send the en- 
tire Word for Windows directory, program 
and files, over to the PS/2 Mode! 77. I then 
let OS/2 “migrate” Word for Windows. 
That created a Word icon letting me run 
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See your dealer today! Or for a 
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Word without opening 
the Windows Program 
Manager. Printing re- 
quired that I string a ca- 
ble from the OS/2 ma- 
chine to the LaserJet ПІ, 
open the file in Word for 
Windows, and tell it to print. Nothing to it, 
and in truth, OS/2 prints so much faster 
than Windows, I actually saved time doing 
it that way. 

That got my story draft printed and 
showed clearly that the problem wasn't 
with my files, my copy of Word, or the 
printer. What was left? Corrupted printer 
drivers in the Cheetah's copy of Windows? 
A corrupted copy of Windows? I used 
Palindrome to restore the entire Windows 
directory from DAT (digital audiotape), 
which took about 20 minutes. For good 
measure, I erased the HP driver and rein- 
stalled it from the original floppy disks. 
No joy: I still got a line of garbage fol- 
lowed by many pages of blank paper. 

The next step was to use the Windows 
for Workgroups network to send the Word 
directory over to the Gateway 2000 4DX2- 
66 and connect the printer cable to that 
machine. It printed fine, meaning that my 
problem was specific to the Cheetah. Sigh. 

Eventually I figured it out, but first a 
diversion, which I assure you is relevant. 
Meanwhile, I confess to being a bit an- 
noyed: Microsoft sells us these highly 
complex systems, and then when they 
don't work, they want us to pay for tech- 
nical support. There has to be a better way. 


I have a new Nanao FlexScan 
T5601 17-inch monitor. Mind you, there 
was nothing wrong with the old one, which 
has been in constant use for well over a year; 
but Nanao is proud of the energy-saving 
features in the newer models. The Nanao 
offices are near Los Angeles, so Brian Mast 
offered to bring out a new model to swap 
for my old one. 

I confessed to some misgivings: I still 
hadn't figured out why I couldn't print, 
and this would be yet another change to 
the system. Still, the computer shouldn't be 
able to tell the new monitor from the old, 
so I agreed, and promptly forgot about it 
until Brian showed up outside Chaos 
Manor. We lugged the FlexScan upstairs— 
it's a heavy sucker—and connected it up. 
As promised, it worked perfectly. 

If, like me, you sit staring at a computer 
screen most of your day, you owe it to 
yourself to get a Nanao monitor. They 
make really big ones, but the 17-inch Flex- 
Scan seems about the right size for me: I 
put it about 30 inches from my nose, and 
my text lines are just the right length so 


that ] see the whole line without moving 
my eyes. Meanwhile, the colors are sharp 
and crisp, and everything on the screen is 
as steady as if it were painted. Best of all, 
I’m in a brightly lit south-facing room, but 
I don't have a problem with glare. People 
often ask me how I turn out so many 
words: the secret is good equipment, and 
the FlexScan is a big part of that. 

Brian had also brought a copy of the 
newest edition of Berkeley Systems' After 
Dark screen saver. Of 
course, screen savers don't 
do anything you can't ac- 
complish by turning off 
your monitor, but | confess 
an attraction for Captain Kirk, 
Mr. Spock’s antics, and even 45, | 
the notorious Flying Toasters. EN 
The new edition has another & “И 
feature: after an interval you % 
can set, Mr. Spock goes away, and the 
screen is totally blanked out. When the 
FlexScan detects that condition, it shuts 
itself down so that it draws only 7 W, as 
opposed to a couple of hundred when it's 
active. 

The bottom line is I love this Nanao 
monitor. 


When I started to install After 
Dark, I got a Protection Violation error, 
and when I reset and tried once more, it 
happened again. This caused me to wonder 
if my computer was doing something 
flaky, so I went into the BIOS Setup pro- 
gram and turned off shadow RAM and 
caching. When I booted up and tried the 
After Dark installation again, I got the 
same error. Brian assured me that most of 
the people at Nanao use After Dark with 
Windows for Workgroups, so clearly the 
problem was something about my own 
installation. 

One nonstandard feature is a 
shareware program called Plug-In 
for Program Manager. I' ve written 
about this before: it enhances the 
Windows Program Manager 

without replacing it. It does such 

a good job that although 1 rather 
like Symantec’s Norton Desktop for Win- 
dows, I find with Plug-In I don’t use Nor- 
ton. Time to remove that—which did the 
trick. After Dark installed just fine. Since 
removing Plug-In solved one problem, 
maybe it took care of another? I knew 
darned well Га been able to print with 
Plug-In installed—in well over a year, this 


was the first glitch I could trace to it—but 
it would do no harm to try printing. 

Word printed just fine. I installed Plug- 
In again. Tried printing. Worked just fine. 
So did After Dark; it was only the instal- 
lation program that fought with Plug-In. 

I could print again, but, of course, I had 
the cache and shadow RAM turned off. I 
turned them back on, tested again—and 
couldn't print. 

Jeff Sloman finally solved the problem 
for me. Turn on BIOS cache and shadow 
RAM, get into Windows for Workgroups, 
open the Printer icon in the control panel, 
and deselect the box that says “Fast print 
direct to port." Ignore the dialog box about 
ports, and Bob's your uncle. 

I’ve been offered an explanation of why 
this works, and I suppose by next month 
Г care; meanwhile, here's another in- 
stance of software that can't tell you what's 
wrong with itself. 


Every time I threaten to abandon 
Windows, I find another valuable program 
that needs it. VisSim is a simulation pro- 
gram that turns your PC into an analog 
computer; that is, you can build various 
analog blocks and connect them up on- 
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screen the way you would connect the 
physical operational amplifiers and other 
analog components with wires. 

I wrote about a previous edition a year 
or so ago. There’s now a greatly improved 
version. Alas, the manual isn’t much im- 
proved. You'll need to know something 
about model building or have a separate 
book on analog modeling systems; but as- 
suming you know what you're doing, Vis- 
Sim is very powerful. There are also new 
add-on modules, including Analyze, and a 
real-time interface to many analog /digi- 
tal boards. You can use VisSim to model a 
complicated control system and then con- 
nect it to the real thing in real time. 

VisSim works with matrix operations 
programs, including Matrix X. There's а 
C-code generator module you can use to 
write compilable code that will run models 
about 10 times faster than the on-screen 
visual-block models do. 

VisSim is a good general-purpose tool 
for modeling systems, from something 
simple like an artillery shell to the Jay For- 
rester World Dynamics models. Until Win- 
dows, you had to go to a Mac to find a 
program as good as this. Recommended. 


This year, Microsoft has improved 
both their desktop and laptop mice. I said 
last issue that their new large-size “tear- 
drop" desktop mouse is an improvement 
over the "Dove soap bar" model. Now 
they have a new Ballpoint mouse, and that, 
too, is a genuine improvement. Like the 
previous Ballpoint, this is a thumb track- 
ball mouse that attaches to your laptop 
keyboard. 

You can also attach it to your desktop. If 
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Board Level Disk 
Emulators 


e Direct replacement for 
mechanical drives in embed- 
ded systems 

* Capacities from 180K to 14MB 

* Flash, EPROM and battery- 
backed SRAM technologies 

* Mixed technology models 
available 

e Dual Drive and Hard Drive 
emulation support 

e High performance and low 
cost models available 

* B and 16 Bit ISA Bus support 


you prefer trackballs to mice, you defi- 
nitely should look at this. If you're only 
indifferent, it's still worth a look. The ac- 
tion is smooth, and the mounting is im- 
proved over the old Ballpoint mount; while 
the button placement is nearly ideal, with 
extremely natural button action. 


I got a call from a consultant 
friend: a client had a system infected with 
a new virus. I didn't recognize the symp- 
toms, so I gave him the phone number of 
Alan Solomon's S&S International in Eng- 
land, on the theory that if Dr. Solomon 
can't fix the problem, no one can. My 
friend bought a copy of Dr. Solomon's 
Anti-Virus Toolkit, and that did the trick. 

It's not time to panic, but there are a lot 
of wild viruses out there. I routinely check 
my system every week now. I boot up 
from a floppy disk that has always been 
write-protected and run Dr. Solomon's; if 
you have valuable databases or do impor- 
tant work on your computer, I advise you 
to do the same. 


Software developers who convert 
DOS applications to Windows should pay 
a lot of attention to installation details. 
This was brought home to me when I in- 
stalled the upgrade of WinMortization Pro 
from Etter Industries. This useful little pro- 
gram calculates loan and mortgage amor- 
tizations and prints reports on them. Easy 
to use, too. 

Then last week I got a Windows ver- 
sion. I decided to update, and trouble start- 
ed. First, it said I had an obsolete \WIN- 
DOWS\SYSTEM\GRID.VBX and offered 
to replace it. Since I use Windows for 


31/2" and 51⁄4" Disk 
Drive Models 
eRead/Write Flash IDE 
drives with capacities 

from 2.5 to 40MB 
eDRAM Based high 
performance SCSI 
drives with capacities 
from 16MB to 256MB. 
Built-in battery back- 
up. Fast SCSI-2 
supports 10MB/s 
transfer rates. 


Workgroups and don't know what 
GRID.VBX does, it seemed prudent to tell 
it not to replace that; I figured I could do 
that later if necessary. The rest of the in- 
stallation seemed to go all right, but when 
I tried to run the program, it said 
“C:\WINDOWS\THREED.VBX is out 
of date,” and died. Thinking I may 
have done the installation wrong, | tried 
again. The result was two programs and 
two readme icons in the WINMORTPRO 
program group; the installation program 
doesn't check to see if those are already 
present. 

I deleted the whole mess and talked to 
Etter Industries. They had meanwhile 
talked to Microsoft, because this had hap- 
pened before. Apparently, some unknown 
third-party application is inserting an an- 
cient copy of THREED.VBX in the Win- 
dows subdirectory. The remedy is to delete 
it, because there's a current copy of 
THREED.VBX in the WINDOWSNSY STEM 
subdirectory (where it belongs). 

I deleted the superfluous \WIN- 
DOWS\ THREED.VBX, deleted all traces 
of WinMortization Pro, and started over. 
Again, it offered to replace \WINDOWS \ 
SYSTEM\GRID.VBX. I again declined, 
and the installation went flawlessly; but 
attempts to launch the program terminated 
with the message that I had an obsolete 
GRID.VBX. I decided to install again, this 
time letting it replace GRID.VBX, which it 
appeared to do; but trying to launch the 
program got the same result as before, and 
once again I had two copies of the pro- 
gram and readme icons in the WINMORT- 
PRO group box. 

Next, try to delete GRID.VBX. You 


SOLID STATE Disk Emulators and PCMCIA Products 


PCMCIA Carddrives 
and Host Adapters 
e Add PCMCIA sockets to your 
desktop or embedded system 
*10096 PCMCIA 2.1 compliant 
Dual socket models available 
Software support for all types 
of memory and I/O Cards 
«Support for Type 11 ATA 
Drive Cards 
elnternal model fits in 31/2" 
drive bay 
•Ехїетаі models also available 


Industry Leader in Disk Emulation Products 
LLRIJS54442592000090500925206050600909929009809092990€9990»5292058€6959 CURTIS, INC. 


Features and 
Applications 

e Autoboot capability, all 
drives. Support for all popular 
operating sytems. High 
performance and solid state 
reliability. 

«Applications: Embedded  . 
Systems, Diskless PCs, High 
Performance PCs, LANs, 
Medical, CAD/CAM, POS, 
Industrial Control, Graphics 
Imaging, Multimedia, 
Database and On-Line 
Transaction Processing, etc. 


For PCMCIA Products circle 76, 
OTHER Products circle 77 on Inquiry card. | 


418 W. County Rd. D * St. Paul, MN 55112 * 612/631-9512-FAX 612/631-9508 
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Circle 76 on Inquiry Card (RESELLERS: 77). 


can’t. GRID.VBX was, according to Win- 
dows, in use. OK, exit Windows. Reset 
the machine. Copy GRID.VBX to 
GRID.FOO and nuke the original. Scrub 
all traces of WINMORTPRO, including the 
Windows program group. Enter Windows 
with some trepidation. Since I have no 
idea what GRID.VBX does, I wouldn’t 
have been surprised if Windows couldn’t 
open Windows without that file, but it did. 
Install WinMortization Pro yet again. This 
time, unprompted, it decompressed 
GRID.VBX and copied it into \WIN- 
DOWS\ SYSTEM; I presume the previous 
attempt failed but the installation program 
didn’t notice that. Anyway, all went well. 


Microlytics has a Windows ver- 
sion of their pioneering Word Finder the- 
saurus, and it works quite well with Word 
for Windows and other Windows word 
processors. To use it, you select (high- 
light) a word in your text and then leave 
your word processor for the desktop, in- 
voke Word Finder, wait for its dialog box 
to pop up (as a small window superim- 
posed over your text), and click on the 
“import” button. After you have done that 
the first time, you can return to your word 


processor by clicking anywhere on your 
text, and the next time you need to use 
Word Finder, just highlight a word and do 
Alt-Escape. Word Finder will appear. 

All this works, but no better than doing 
Shift-F7 within Microsoft Word. The syn- 
onyms given are about the same, and, as a 
bonus, with the thesaurus included in 
Word, you don't highlight the text, just 
get the cursor into or next to it. 

I have long been a fan of Word 
Finder, and I use the ( 
DOS version (along ~ c,' 
with Definitions/ — E 
Plus) in Q&A Write 7 
when I'm doing first 
drafts of text. If you're using a 
word processor with an inade- 
quate thesaurus, Word Finder is 
the опе to get; it integrates 
nicely with nearly all of 
them. The Mac version 
works just fine, too. 


-» 9 


There area lot of Bible programs 
now. The latest arrival is Holy Bible from 
Software Marketing. It's for DOS/VGA and 
takes 11 MB. It comes on seven 3'^-inch 
floppy disks and features the King James 


Version, with red highlighting, maps, 
chronology, art files of sacred masterpieces, 
aconcordance with search capability, and a 
bunch of other stuff. Useful for Bible schol- 
ars, and for that matter, pretty good brows- 
ing for anyone interested in the subject. 


I have a whole bunch of books 
this month. The computer book of the 
month is from the Hayden Development 
Group Staff, with contributions from 
a dozen experts. It's called Every- 
thing You Wanted to Know about 
the Mac (Hayden, 1992), and it's 
really complete. 

Distributed Systems Manage- 


КӨ ment by Alwyn Langsford (Addi- 


ГУ 


son-Wesley, 1993) is а specialized 
book for people who find they have 
to manage computer systems in 
many locations. Distributed com- 
puting is the wave of the future, but 
it can create unexpected headaches 
for management. This is a good place to 
learn about them. 

The book of the month is Joel N. 
Shurkin’s Terman’s Kids: The Ground- 
breaking Study of How the Gifted Grow 
Up (Little, Brown, 1992). Lewis Terman 


On Sale Now: 


SPECIAL ISSUE 
Buyer's Guide to Portable 


Computers 


Available only on the 
Newsstands 


O EXTENSIVE BYTE LAB REPORT 
O EXPANDED REVIEWS OF OVER 100 NOTEBOOKS 


ON SALE DATE: 
NOVEMBER 23RD 
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It's your choice. A little more than 
50 percent of all business soft- 
ware in use today is pirated. 


You might save a few bucks on 
it—but when phony software 
doesn't work, forget calling for 
product support. When it infects 
your computer with a deadly 
virus, it'll be your work that gets 
lost. The documentation is 
nonexistent or inadequate, so 
that won't help. And, of course, 
there will never be any product 
upgrades. 

Selling or copying software 
without authorization is against 
the law, with severe criminal and 
civil penalties including impris- 
onment of up to five years, fines 
of up to $250,000, or both. If 
you suspect the sale or use of 
pirated software, call the BSA 
Anti-Piracy hotline: 


(800) 688-BSA (2721) 


Business Sofware Alliance 


1993 Business Softwane Alliance. АП rights reserved. 


No Doubt 


` YOU're 


the Е 
Expert! В 


BYTE READERS are 
considered experts in 
today's complex 
computer environment. 
When you need to make 
decisions, BYTE 
editorial is there to give 
information on current 
products and emerging 
technologies. 


A 


And when you order 
products, BYTE 
advertisers are ready 
to answer your every 
need, Use the 
convenient toll-free 
numbers in this issue, 
and remember to say: 


A 
You Saw it in 


BYTE 


Pournelle 


did a great deal of pioneer work in intelli- 
gence testing and did studies of gifted chil- 
dren. One of his groups, more than 1500 
California children with genius- and near- 
genius-level IQs, became known as “the 
Termites” and were featured in a number 
of studies. Shurkin is the chief science 
writer at Stanford University and has a de- 
servedly good reputation for accuracy as 
well as readability. This book follows the 
Termites up to the present. If you’re in- 
terested in gifted children, you’ll find this 
book fascinating. 

The game of the month is MicroProse’s 
Master of Orion, which is Reach for the 
Stars on steroids. It’s addicting. 


Next month, presentation programs and 
more on networking, including a test of 
the new Windows for Workgroups 3.11. 
As usual, there aren’t enough hours in the 
day. Ш 


Jerry Pournelle holds a doctorate in psychology 
and is a science fiction writer who also earns a 
comfortable living writing about computers pres- 
ent and future. Jerry welcomes readers’ commenis 
and opinions. Send a self-addressed, stamped en- 
velope to Jerry Pournelle, c/o BYTE, One Phoenix 
Mill Lane, Peterborough, NH 03458. Please put 
your address on the letter as well as on the enve- 
lope. Due to the high volume of letters, Jerry can- 
not guarantee a personal reply. You can also con- 
fact him on the Internet or BIX at jerryp@ bix.com. 


For More Information 


After Dark ($49.95) features Captain Kirk and 
Mr. Spock. Contact Berkeley Systems, Inc., 
2095 Rose St., Berkeley, CA 94709, (800) 
877-5535 or (510) 540-5535; fax (510) 540- 
5115. Circle 1146 on Inquiry Card. 


The ATI 14400 ETC modem (ETC |, $249; ETC 
E, $299) comes with good manuals. It’s 
generally easy to set up. Contact ATI 
Technologies, Inc.,33 Commerce Valley Dr. E, 
Thornhill, Ontario, Canada L3T 7N6, (805) 882- 
2600; fax (905) 882-2620. Circle 1147. 


If you do a lot of mousing around, think 
seriously about the new Microsoft Ballpoint 
mouse ($125). It really is that good. 
Microsoft's Win32 SDK (cal! for price) comes 
with a CD-ROM chock full of development tools. 
There's a new version (3.11) of Microsoft's 
Windows for Workgroups ($249.95) coming 
out soon. Contact Microsoft Corp., 1 
Microsoft Way, Redmond, WA 98052, (800) 
426-9400 or (206) 882-8080; fax (206) 883- 
8101. Circle 1148. 


If you deal with lousy communications, you 
should use a USRobotics Courter HST Dual 
Standard modem ($1295). Contact 
USRobotics, Inc., 8100 North McCormick 
Blvd., Skokie, IL 60076, (800) 342-5877 or 
(708) 982-5010; fax (708) 982-5235. Circle 
1149. 


If Dr. Solomon's Anti-Virus Toolkit can't 
solve your virus problem, nothing can. DOS 
version, £99; Windows version, £125; 0S/2 
version, £149). Contact S&S International, 
Ltd., Berkley Court, Mill St., Berknamsted, 
Hertfordshire HP4 2HB, U.K., +44 442 
877871; fax 444 442 877882. Circle 1150. 


Maximum Storage's Duette drive ($2790) is 
the fastest optical drive I’ve ever seen. Contact 
Maximum Storage, Inc., 518 North Nevada 
Ave., Suite 203, Colorado Springs, CO 80903, 
(800) 843-6299 or (719) 442-6674; fax (719) 
442-6671. Circle 1151. 


If, like me, you sit staring at a computer screen 
most of your day, you owe it to yourself to get 
Nanao's FlexScan T5601 monitor ($2199). 
Contact Nanao USA Corp., 23535 Telo Ave., 
Torrance, CA 90505, (800) 800-5202 or (310) 
325-5202; fax (310) 530-1679. Circle 1152. 


Useful for Bible scholars, Holy Bible ($49.95) 
is also pretty good browsing for anyone 
interested in the subject. Contact Software 
Marketing Corp., 9830 South 51st St., 
Building A-131, Phoenix, AZ 85044, (602) 893- 
3377; fax (602) 893-2042. Circle 1153. 


Master of Orlon ($59.95), or Reach for the 
Stars on steroids. Contact MicroProse, 180 
Lakefront Dr., Hunt Valley, MD 21030, (410) 
771-1151; fax (410) 771-1174. Circle 1154, 


The MaxLite 144 fax modem ($299) is slightly 
larger than a pack of cigarettes and can be 
battery-powered. Contact Macronix, Inc., 1348 
Ridder Park Dr., San Jose, CA 95131, (800) 
858-5311 or (408) 453-8088; fax (408) 453- 
8488. Circle 1155. 


Plug-in for Program Manager ($20) enhances 
the Windows Program Manager without 
replacing it. Contact Plannet Crafters, inc., 
2580 Runic Way, Alpharetta, GA 30202, (404) 
740-9821; fax (404) 740-1914. Circle 1156. 


If you're traveling, the SupraFaxModem 
14400 costs less (for IBM PCs, $229.95; for 
Macs, $249.95). Contact Supra Corp., 7101 
Supra Dr. NW, Albany, OR 97321, (800) 727- 
8417 or (503) 967-2400; fax (503) 967-2401. 
Circle 1157. 


VisSim (Personal VisSim, $495; VisSim, 
$1495) is a good general-purpose tool for 
modeling systems. Recommended. Contact 
Visual Solutions, inc., 487 Groton Rd., 
Westford, МА 01886, (508) 392-0100; fax 
(508) 692-3102. Circle 1158. 


WinMortization Pro for Windows ($99.95) is 
about the best program around for doing 
complex loan amortizations. Contact Etter 
Industries, Inc., 82 Shoreview Dr., Bedford, 
Nova Scotia, Canada 84A 1V5, (800) 565-2662 
or (902) 835-6060; fax (902) 835-5431. Circle 
1159. 


Word Finder Plus ($39.95) is the thesaurus to 
get. The Mac version works fine, too. Contact 
Microlytics, Inc., 2 Tobey Village Office Park, 
Pittsford, NY 14534, (800) 828-6293 or (716) 
248-9150; fax (716) 248-3868. Circle 1160. 


JANUARY 1994 BYTE 253 


What's Hardware 


UPGRADE YOUR PC 


TO MULTIMEDIA A. 

Media Vision's (Fremont, CA) 
Memphis multimedia upgrade 
system ($999) gives you the 
power to create voice or video- 
annotated presentations on your 
PC. The MPC- and MPC2-com- 
pliant system incorporates Me- 
dia Vision's Pro Audio 16 sound 
technology to produce 16-bit 
stereo sound; built-in MIDI sup- 


port | lets you control other MIDI 


using the ‹ on- -board 
MIDI connectors or 

an external music @ 
keyboard. Other fea- | 
tures include a 20- | 
voice synthesizer, a 
software-controllable 
mixer, and a SCSI 
CD-ROM controller 


interface. А double-speed CD- 


ROM drive can transfer data at 
300 KBps with a 350-ms access 
time. Memphis supports DOS, 
Windows 3.1 and NT, OS/2 2.1, 
and NextStep. The system is 
also backward compatible with 
Sound Blaster and AdLib. 
Phone: (800) 845-5870 or 
(510) 770-8600. 

Circle 1315 on Inquiry Card. 


BUBBLES OF COLOR 

The BJC-600 ($719) from Canon 
Computer Systems (Costa Mesa, 
CA) uses an ink formula that, 
according to Canon, dries 100 
times faster than conventional 
inks, giving you nonbleeding 
color on plain paper. The 360- 
dpi BJC-600 uses four separate 
ink cartridges to hold the prima- 
ry output colors of cyan, magen- 
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Î ta, yellow, and 
— 3 true black. You 
| can change each 
| color cartridge 
separately as it 
| runs out, elimi- 
| nating waste. А 
| 256-nozzle print 
| head has 64 noz- 
| zles for each of 
the four colors. 
The printer also 
accepts recycled paper, labels, 
Bubble Jet transparencies, and 
back print film. 

Phone: (800) 848-4123 or 
(714) 438-3000. 

Circle 1327 on Inquiry Card. 


THREE-IN-ONE 
ETHERNET CARD v 


A technique called workgroup 
filtering integrates Ethernet 
port мони filtering, and 
joe on-board SNMP 
management on the 
IOBT-FTR card 
(from $3095). De- 
NUN signed for use with 
BOSE the INX 5000 intel- 
SUE ligent wiring hub, 
КЫШ the IOBT-FTR fil- 
J ters and forwards all 
or some of the local 
and remote network traffic that 
passes through the filter. Two 
custom ASICSs on the Racal- 
Datacom (Boxborough, MA) 
card give the Ethernet interface 
and filter control for all infor- 
mation that passes through the 
card, providing packet-forward- 
ing at the full Ethernet speed of 
10 Mbps. 
Phone: (800) 722-2555 or 
(508) 263-9929. 
Circle 1319 on Inquiry Card. 


PEN INPUT FOR YOUR PC 


A combination software and 
hardware pen-input system, 
Handwriter for Windows ($399) 
is compatible with standard, off- 
the-shelf Windows applications. 
From Communication Intelli- 
gence (Redwood Shores, CA), 
Handwriter for Windows com- 


prises handwriting recognition, 
Pen Extensions for Windows, 
signature-verification software, 
pen utilities, a cordless pen, and 
a tablet with a 10-foot cable 
that plugs into your computer's 
serial port. You can write, edit, 
point, select, drag, create cus- 
tomized gesture macros, draw, 
and navigate through menus. 
Phone: (800) 888-9242 or 
(415) 802-7888. 

Circle 1318 on Inquiry Card. 


MULTIMEDIA UPGRADE 

The Mega 535M Multimedia 
Upgrade Kit ($649) from Mega- 
media Computer (San Jose, CA) 
provides you with the necessary 
equipment to add multimedia 
capability to your 386- or 486- 
based computer. The kit is com- 
patible with the MPC Level 2 
specifications and includes a 
Chinon CDS535 internal SCS1-2 
CD-ROM drive, a Pro Audio 
Spectrum 16 sound card with a 
SCSI connection, amplified mag- 
netically shielded speakers, and 


SCSI and audio cables. 
Phone: (800) 634-2633 or 
(408) 428-9920. 

Circle 1326 on Inquiry Card. 


BITWISE COLOR PORTABLE 

The BitWise ACP (from $6295) 
10-їпсһ active-matrix TFT col- 
or flat-screen portable is packed 
with power for working in mul- 
timedia, CAD, and engineering 
applications. From BitWise De- 
signs (Schenectady, NY), the 
486-based computer has 4 MB 
of RAM (expandable to 32 MB), 
128 KB of cache RAM (ex- 
pandable to 256 KB), and up to 2 
GB of internal hard disk capac- 
ity. A 5'4-inch drive bay accom- 
modates a CD-ROM, WORM, 
or read/write optical drive. One 
half-size and three full-size ex- 
pansion slots are available. You 
can run an external Super VGA 
monitor at up to 1024- by 768- 
pixel resolution. 

Phone: (800) 367-5906 or 
(518) 356-9740. 

Circle 1325 on Inquiry Card. 


A FivE-IN-ONE DESKTOP UNIT 


The multifunction Omnifax G5 ($1995) provides the function- 
ality of a 14.4-Kbps plain-paper fax, a PC fax board, a laser- 
quality printer, a copier, and a scanner with optional OCR ca- 
pability. The Omnifax can simultaneously scan one document, 
print another, and send or receive a third. The unit's fax ca- 
pabilities include a 99-number auto-dialing feature, quick 
scanning into memory, auto-batching to group documents go- 
ing to the same destination, broadcasting, and page retrans- 
mission. The 300-dpi print function works from any DOS or 
Windows application. You can use the PC fax board function to 
send a file from your attached PC or from a PC on a LAN. The 
unit lets you edit scanned documents and incoming fax mes- 


sages on your PC. Depending on your application, you can ro- 
tate, scale, and clip docu- 
ments on the PC, export 
image documents to Win- 
dows Paintbrush, or copy 
files to the Windows Clip- 
board. 


Contact: Omnifax, Los An- 
geles, CA, (800) 221-8330 
or (310) 641-3690. 

Circle 1312 

on Inquiry Card. 


MAC ETHERNET CONNECTORS 
The AAUI-2 and AAUI-T trans- 
ceivers ($89 each) provide Ether- 
net connection for the Mac 
Centris 610 and 650 and Quadra 
800, 900, and 950 systems. The 
AAUI-to-10Base-2 AAUI-2 has 
an auto-terminating BNC con- 
nector and supports up to 30 
nodes per segment. The AAUI-T 
provides a single-port AAUI- 
to-10Base-T connection. From 
MacNet (San Jose, CA), each 
transceiver has an LED that pro- 
vides power-on status. 

Phone: (800) 486-2638 or 
(408) 954-8888. 


Circle 1316 on Inquiry Card. 


KEYBOARD CALCULATOR 

А solar-powered calculator that 
adheres to your PC keyboard, the 
MediaMate Keyboard Calcula- 
tor ($9.99) allows you to do sep- 
arate calculations while working 
on your computer. The device, 
which fits above the keypad, has 
a battery backup and displays 
eight figures with a floating dec- 
imal. The unit is from Hunt Man- 
ufacturing (Philadelphia, PA). 
Phone: (800) 765-5669 or 
(215) 732-7700. 

Circle 1321 on Inquiry Card. 


PORTABLE SPARC v 


Based on the MicroSparc pro- 
cessor, the 50-MHz PowerLite 
portable workstation (from 
$9995) is configurable with up 
to 80 MB of memory and more 
than 1 GB of internal disk space. 
The RDI Computer (San Diego, 
СА) system comes with a 640- 
by 480-pixel Colorplus active- 
matrix LCD, upgradable 
to a 1024- by 768-pixel 
active-matrix color LCD. 
The system also has a Pe- 
ripheral Expansion Unit, 
or PXU ($2950), witha [NS 
450-MB hard disk and | 
two open SBus slots that 
you connect directly to 
the bottom of the unit. 
You can configure the 
PXU to include extra hard 


drives, SBus slots, and SCSI pe- 
ripherals. 

Phone: (619) 558-6985. 

Circle 1317 on Inquiry Card. 


VIDEO CARDS FOR TV DISPLAY 
VideoOut ($99), from Interna- 
tional Computers (Wauwatosa, 
WI), consists of a plug-in card 
and software. The card, which 
gets its power from the PC bus, 
functions as a pass-through for 
УСА video signals. The TSR 
software stays resident until you 
press the hot key; it then quickly 
reprograms the registers on your 
УСА card to convert the video 
signal to the timing for NTSC, 
letting your TV receive the sig- 
nal. VideoOut, which, according 
to the manufacturer, is compat- 
ible with all VGA boards, auto- 
matically detects a board's man- 
ufacturer and configures itself to 
fit the particular configuration. 
Phone: (414) 764-9000. 

Circie 1323 on Inquiry Card. 


The Channel One multimedia 
video card ($459) enables you 
to display or output computer- 
generated data and graphical im- 
ages to any device that supports 
УСА, S-VHS, and composite 
NTSC/PAL. From STB Systems 
(Richardson, TX), the Channel 
One comes with 1 MB of 60-ns 
DRAM video memory and a 
Sony CXA1145 RGB encoder 
that enables the card to convert 
VGA signals to NTSC/PAL vid- 
eo formats. The card is based on 
Cirrus Logic’s 5426 video-con- 
troller chip. 

Phone: (214) 234-8750. 


Circle 1324 on Inquiry Card. 


IMP COEXISTS 
WITH YOUR MOUSE 


A wireless remote-con- 
trol input device, Imp 
($199) lets you position 
the cursor, execute com- 
mon mouse functions, 
and replicate keyboard 
functions from as far as 


in the transmitter. 
(412) 441-6611. 


Circle 1313 on Inquiry Card. 


SPEEDY MULTIPORT 


CONNECTIVITY FOR UNIX 
Comtrol's (St. Paul, MN) Rock- 
etPort family of controller boards 
(from $259) replaces major hard- 
ware components, such as the 
processor, serial ports, and bus- 
interface logic, with two spe- 
cially designed ASICs. One 
ASIC includes a 36-MHz proces- 
sor in place of the conventional 
multiport board processor. The 
board is designed to maintain 
consistent speeds of 230.4 Kbps 
or 115.2 Kbps at each port. 
RocketPort supports operating 
systems such as DOS, Windows, 
Unix, SCO Xenix, and QNX and 
is available with four, eight, 16, 
or 32 ports. 

Phone: (800) 926-6876 or 
(612) 631-7654. 

Circle 1328 on Inquiry Card. 


A MODEM WITH PARALLEL-PORT 


CONNECTIONS 

А 28,800-bps portable modem 
with fax, the TravelPorte Fast 
($499) has data throughput of up 
to 115.2 Kbps using V.42bis and 
MNP 5 data compression. The 
Windows-compatible modem 
uses the parallel port interface 
and drivers to achieve this high 


15 feet away from your computer. Windows- and Microsoft 
Mouse-compatible, Imp consists of a hand-held wireless trans- 
mitter and a compact receiver that connects to your PC's se- 
rial port. The transmitter has a control disc for cursor con- 
trol and four auxiliary buttons that act as keyboard keys. 
Powered by your PC, the receiver lias indicator lamps that re- 
flect communication activity and the status of the batteries 


Contact: ArcanaTech, Pittsburgh, РА, (800) 364-4677 or 


throughput rate. From Microcom 
(Norwood, MA), the TravelPorte 
Fast supports MNP 10 and com- 
munications with non-V.fast 
modems such as V.42, V.32bis, 
and V.32, as well as synchronous 
and asynchronous operation, 
Group 3 send-and-receive fax, 
and UUCP. Flash-downloadable 
memory lets you upgrade the 
unit. The modem also supports 
the serial port for compatibility 
with DOS. 

Phone: (800) 822-8224 or 
(617) 551-1000. 

Circle 1330 on Inquiry Card. 


PCMCIA SCS! ADAPTER 

The FastSCSI PCMCIA host 
adapter card ($229.95) from 
QLogic (Costa Mesa, CA) is 
based on the company’s ESP406, 
a single-chip SCSI processor that 
automates SCSI operations at 
hardware speed without host in- 
tervention, according to QLog- 
ic. The adapter supports DOS, 
Windows 3.1 and NT, NetWare, 
SCO Unix, and OS/2. The card 
connects directly to the internal 
PCMCIA Type 1I bus and in- 
cludes a 50-pin connector for use 
with external devices. 

Phone: (714) 438-2200. 

Circle 1331 on inquiry Card. 
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(ПЕГЕ 7 Hardware 


GRAB A CARD AND 
SCAN IT > 

The CardGrabber | 
($399) is a plug-and- 
play scanner of busi- 
ness cards that uses 
the parallel port of 
notebooks and desk- 
top computers. From 
Pacific Crest Tech- 
nologies (Newport 
Beach, CA), the 
DOS- and Windows-compatible 
CardGrabber scans a card and 
then stores the information in a 
Windows-based address book. 
You can use the address book 
to search, customize, sort, and 
print your information. You can 
import and export data to any 
Windows or DOS database and 
PIM, as well as ASCII text, word 
processors, Lotus-compatible 
spreadsheets, and PDAs. The 15- 
ounce device has built-in AI and 
OCR software. 

Phone: (800) 870-3391 or 
(714) 261-6444, 

Circle 1339 on Inquiry Card. 


CONNECT REMOTE USERS 


The OutPost remote messaging 
system ($299) provides near- 
real-time E-mail responsiveness 
for remote locations and elimi- 
nates the need to regularly run 
an MHS session. The combined 
hardware and software from Cal- 
culus (Deerfield Beach, FL) per- 


mits you to have nondedicated 
MHS servers by letting the re- 
mote PC power-off without los- 
ing connectivity. At the remote 
location, the OutPost Remote 
Service Unit receives inbound 
MHS transactions, stores mes- 
sages in nonvolatile memory, 
and provides audio and visual in- 
dications of the saved message. 
Phone: (305) 481-2334. 

Circle 1335 on inquiry Card. 
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SPEAK TO YOUR DOCUMENTS 


A fully integrated business au- 
dio system, SoundXchange 
Model BX ($169) lets you record 
and play your voice in OLE- 
compatible Windows 3.1 docu- 
ments. From InterActive (Hum- 
boldt, SD), the Model BX 
includes a built-in sound board 
that records at 2750 to 11,025 
Hz. It plays back sound files 
recorded at frequencies of up to 
44,100 Hz. The system attaches 
to the side of your monitor and 
plugs directly into your comput- 
er's parallel port. 

Phone: (605) 363-5117. 

Circle 1344 on Inquiry Card. 


CARD WITH A MULTIPLE VIEW 
The FastMax/MV dual-channel 
display controller ($399) from 
VidTech Microsystems (Min- 
neapolis, MN) supports two 
VGA channels that are totally 
independent of each other. Each 
channel can display different 
resolutions at the same time 
and can be configured with a 
512-КВ or 1-MB DRAM frame 
buffer. Resolution on the DOS- 
and Windows-compatible con- 
troller can go up to 1280 by 1024 
pixels with 16 colors; | MB of 
DRAM per channel is required. 
You can install as many as four 
cards per system. 

Phone: (612) 780-8033. 

Circle 1332 on Inquiry Card. 


DIGITALLY CONTROLLED 


MONITOR 

The Brilliance 2130 21-inch 
color auto-scanning monitor 
($3499) from Philips Consumer 


Electronics (Knoxville, TN) 
gives you digital control of in- 
ternal signals to fine-tune pic- 
ture quality. The monitor sup- 
ports refresh rates of up to 76 
Hz at 1280- by 1024-pixel reso- 
lution, as well as an extended 
horizontal scanning frequency 
range of up to 82 Hz and a 150- 
MHz video-amplifier bandwidth. 
The flat-square display has a 
0.29-mm dot pitch and an anti- 
reflective, antistatic, multilayer 
coating. 

Phone: (212) 532-6300. 

Circle 1336 on Inquiry Card. 


RAID FOR MACS AND PCS 


A series of disk array subsys- 
tems for the Mac, the Personal 
Array (from $1595) supports 
striping, mirroring, and span- 
ning, with seek times as low as 
5 ms and data transfer rates of 
up to 10 MBps. The subsystem 
software lets you select and 
switch among the configura- 
tions. From Procom Technol- 
ogy (Irvine, CA), the Personal 


Array consists of two SCSI 
drives in a compact, modular 
case; you snap new modules di- 
rectly onto the system when you 
want to expand it. 

Phone: (800) 800-8600 or 
(714) 852-1000. 

Circle 1337 on Inquiry Card. 


The MicroDFT-1 (from $4495), 
a hot-swappable RAID storage 
device from ECCS (Tinton Falls, 
NJ), provides up to 2 GB of 
fault-tolerant storage. The sub- 
system, which slides into 5'A- 
inch drive bays, can replace your 
computer's primary hard drive 
to provide a fault-tolerant boot 
drive. The hardware-only prod- 
uct is based on RAID-1 technol- 
ogy, which eliminates the need 
for software mirroring. The Mi- 
croDFT-1 reaches a data trans- 
fer rate of up to 7 MBps by read- 
ing from the drive that is clos- 
est to the data. Seek time is as 
low as 8 ms. 

Phone: (800) 322-7462 or 
(908) 747-6995. 

Circle 1338 on Inquiry Card. 


PC-PERIPHERAL PORTABLE POWER PROJECTOR 


The ergonomic Desktop Pro- 
jector 2800 ($8995) stands 
less than 6 inches high and 
pulls in its lenses and mirrors 
for transport and storage. The 
active-matrix projector incor- 
porates a fully integrated digi- 
tal video processor and accepts 
all three international video for- 
mats and power sources as well 
as S-VHS. 


The optical system In the Desktop Projector focuses the 
available light through the aperture of the LCD panel to 
provide an image up to four times brighter than one on a 
standard LCD panel, according to the manufacturer, 
Proxima. A “folded” optical design and angled panel place- 
ment enable the lens to be stored inside the device. You 
simply move the mirror to adjust the position of the image 
on the screen. The Active Color Enhancement technology 
uses processing techniques that provide enhanced color 
matching from a palette of 16.7 million colors, Proxima 
says. The 410-W quartz halogen redundant lamp system lets 
you operate the projector in a lighted room. 

Contact: Proxima, San Diego, CA, (619) 457-5500. 


Circle 1314 on inquiry Card. 


Still trying to stay ahead 


of new information technologies 
without Datapro on CD-ROM? 


/ 


Let's face it: When it comes 
to making critical business 
decisions about informa- 
tion technology, there are 
no easy answers. But now 
there's an easy way to get 
virtually instant access to 
the information you need to 
plan effectively—Datapro on 
CD-ROM. 


Locate and retrieve infor- 
mation without wasting 
precious time 

Provided to you in both Windows 
and DOS versions, Datapro on CD-ROM 
makes it a snap to search Datapro's 
comprehensive information services—by 
keyword, title, subject, or table of con- 
tents entry. Cut and paste between 
reports to custom-tailor information that 
can be printed or stored to disk. And 
with up to eight comparison columns 
displayed on screen at once, it's easy to 
appraise technologies and products. 


Keep mee with rapidly changing 
technologies and markets—and 
stay ahead of the competition 

If you need quick, convenient access 
to the latest information about products, 
vendors, and technologies in the com- 
puter and communications markets, 
Datapro on CD-ROM can guide you 
every step of the way. And with new 
disks sent automatically each month, 
professionals involved in planning, pur- 
chasing, implementing, and managing 
information technology stay on top of all 
the issues. 

With Datapro on CD-ROM vendors 
maintain their competitive edge by keep- 
ing up with the newest products offered 
by the competition. System integrators, 
consultants, and value-added resellers 
stay ahead of rapidly changing technolo- 
gies and evolving markets. Corporate, 
technical, and public librarians provide 
their patrons with easy-to-use informa- 
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tion resources that detail every aspect of 
computer and communication systems. 


In-depth expert analyses and 

edd experience are the surest 
to understand markets, 
ologies, and products 

Datapro on CD-ROM transforms your 
PC into an information server loaded 
with a comprehensive library of comput- 
er and communications resources. 

First Looks furnish a quick preview of 
new products enhancements. 

User Ratings discuss how real users 
evaluate products and services. 

Technology Concepts establish the 
fundamentals and explore all the essen- 
tial aspects of a technology. 

Market Overviews feature a compre- 
hensive summary of specific technolo- 
gies, markets, vendors, and products. 

Comparison Columns detail product 
features and functions. 

Competitive Outlooks deliver an even- 
handed evaluation of advantages and 


N 
\ 


more information about Datapro 


e topics: 


drawbacks to products and 
technologies. 

Product Reports offer 
expert analysis and user 
opinions about vendors and 

their offerings. 
Management Reports pro- 
vide experienced assistance 
with system maintenance. 


A single source for all 
your information needs 


When it comes to computer sys- 
tems, Datapro on CD-ROM gives you 


EN 9040469006629 90060 » Ё 
А —Á нна =S everything you need on one disk. 


Topics include managing information 
technology, application development, 
security, Unix systems, workstations and 
servers, document imaging, and work- 
group computing. 

Datapro on CD-ROM's comprehen- 
sive look at communications systems 
includes data, voice systems and inter- 
networking, net management, and 
broadband services. 


Datapro—an essential resource 

For over two decades Datapro's 
unmatched information services have 
helped users, buyers, and managers of 
information technology make timely, 
intelligent decisions to ensure continued 
growth. Today, with its staff of over 400 
Specialists and more than 100 expert 
analysts, Datapro has the resources to 
address virtually every critical issue in 
computing and communications. 

Isn't it time to learn more about 
Datapro on CD-ROM? 


DAIAPRO 


Datapro USA, 600 Delran Parkway, Delran, New Jersey 
USA 08075, Tel: 800-328-2776, Fax. 609-764-2812 
Datapro International, McGraw-Hill House Shoppenhangers 

Road, Maidenhead, Berkshire, England SL6 2QL, RJ 
Tel -44 (0) 628 773277. Fax: -44 (0) 628 773628 B 
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BUILD APPLICATIONS FROM 
PICTURES 


A visual application builder that 
relies on moving icons and cre- 
ating diagrams to develop client 
server applications, Harbor View 
(development license, $3900; 
database drivers, $700 each) has 
you build the actual application 


during the design and prototyp- 
ing phase. The Harbor Software 
(Manchester, MA) program en- 
ables you to work with pictures 
rather than traditional program- 
ming mechanics. You develop 
the business logic, and Har- 
borView then automatically 
builds the forms from the logic. 
To modify an application, you 
change the picture, and Har- 
borView automatically rebuilds 
the application. 

Phone: (508) 526-1376. 

Circle 1281 on Inquiry Card. 


NUMBERS AND SYMBOLS v 

The Symbolic Math Toolbox 
($495), from The Mathworks 
(Natick, MA), provides an ex- 
tension to Matlab that integrates 
symbolic computing with nu- 
meric computation. Based on an 
embedded version of Waterloo 
Maple Software’s Maple V, the 
toolbox provides commands for 
variable precision arithmetic, di- 


Ам, 
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rect access to the Maple kemel, 
and Maple’s core math library 
and linear algebra module, which 
are included. 

Phone: (508) 653-1415. 

Circle 1275 on Inquiry Card. 


DETECT NT FILE CORRUPTION 
File Alert for Windows NT ($99 
for each hard disk to be scanned) 
is file-corruption-detection soft- 
ware that automatically notifies 
you at the first sign of corrup- 
tion. From Executive Software 
(Glendale, CA), File Alert con- 
tinually checks and verifies data 
integrity in all types of files. It 
detects corruption from sources 
such as hardware or power fail- 
ures, user error, and software de- 
fects and creates and maintains a 
journal of any corrupted files it 
finds. 

Phone: (800) 829-4357 or 
(818) 547-2050. 


Circle 1276 on Inquiry Card. 


TAME ALL THAT TAX-TIME 


TENSION 

The 1993 updates of AM-Tax 
Personal ($39) and AM-Tax Pro- 
fessional ($150) include what-if 
worksheets that enable you to 
quickly compare different tax 
scenarios, such as single, mar- 
ried filing jointly, and married 
filing separately. An audit-alert 
feature automatically reviews a 
completed return for more than 
100 omissions and inconsisten- 
cies. The program from AM 
Software (Kansas City, MO) is- 
sues a warning when various 
itemized deductions exceed na- 
tional averages, pro- 
vides on-line help for 
operation and forms 
calculation, and has 
the ability to print 
blank copies of any 
federal or state form 
that it supports. 
Phone: (800) 859- 
8537 or (816) 426- 
8361. 

Circle 1286 

on Inquiry Card. 


CROSS-PLATFORM 
DATA ACCESS AND 
MANIPULATION 


Multiuser client/server- 
based software, Kenan 


esis) ae soe) ape В 


Technologies’ Acumate Enterprise Solution 1.0 lets you ac- 
cess all the data on your company’s enterprise-wide system 
regardless of its format or location. With the software’s 
analysis tools, such as forecasting, business modeling, and 
exception highlighting, you can extract previously defined 


information as you need it. 


Built around Multiway, the company's multidimensional 
database and 4GL engine, Acumate ES seamlessly integrates 
data from sources such as relational databases, spread- 
sheets, flat files, text reports, and proprietary packages. Н 
then stores the data in a format that permits browsing. 

Features include object-oriented programming, a focal- 
point integrator, data-loading/data-analysis Copilots, and an 
open API that provides flexible links to front ends such as 
Excel, Visual Basic, and Improv. Acumate ES is compatible 
with Windows 3.1 and NT, 05/2 2.0, Unix, and Alpha. 
Licenses range from $500 to $3000 per seat. 

Contact: Kenan Technologies, Cambridge, MA, (617) 225-2224. 


Circle 2271 on Inquiry Card. : 


DATA COMPRESSION AND 
ARCHIVING 


A Windows product that also 
runs under DOS, Greenleaf 
ArchiveLib ($279) from Green- 
leaf Software (Dallas, TX) is an 
object-oriented data-compres- 
sion run-time library that lets you 
compress ASCII or binary data 
into an archive for storage. C and 
C++ programmers can compress 
and archive buffers of data with- 
in an application without having 
to store them as a file. Com- 
pressed data can be retrieved into 
a disk file or a memory buffer. 
You can code without specify- 
ing the type of data to be com- 
pressed or the type of location in 
which the data will be archived. 
Phone: (214) 248-2561. 

Circle 1277 on Inquiry Card. 


AN ATLAS FOR THE MAC 

Now available for the Macintosh, 
Street Atlas USA ($169) pro- 
vides a complete road map of the 
U.S. on a single CD-ROM. From 
DeLorme Mapping (Freeport, 
ME), Street Atlas USA includes 


646 MB of mapping data, de- 
lineating urban areas, population 
centers, block address ranges for 
large metropolitan areas, and el- 
evation lines. You can print maps 
from within the program or ex- 
port them to the Mac Clipboard 
to use them in other applications. 
Phone: (207) 865-1234. 

Circle 1279 on inquiry Card. 


DOCUMENTS BY DESIGN 


By Design for Microsoft Word 
for Windows ($99) enables you 
to create professional-looking 
documents even if you have no 
design training. The Streetwise 
Software (Santa Monica, CA) 
package supports version 6.0 of 
Word for Windows and inte- 
grates directly into the [con Bar 
and Tool Menu. It includes page 
designs of formats for news- 
letters, business forms, faxes, 
memos, and letterheads and has 
features such as Quick Doc tem- 
plates, an integrated address 
book, and a set of design tools. 
Phone: (310) 829-7827. 

Circle 1280 on Inquiry Card. 


MULTIMEDIA IN A PIM 
Available in three 
editions, the Personal 
Daily Planit PIM 
($59.95 on CD-ROM 
or $49.95 on floppy 
disk) can run under 
Windows or on the 
Macintosh. Each edi- 
tion revolves around 
a theme: Planlt Earth 
has an environmental theme, 
Plant Paradise is a swimsuit edi- 
tion, and Planlt Adrenaline fea- 
tures high-intensity pursuits. 
With each of the titles, you can 
import and mix and match your 
own Kodak Photo CD images. 
Integrated voice annotation and 
voice recognition let you anno- 
tate your to-do lists and appoint- 
ments with verbal comments. 
The Media Vision (Fremont, 
CA) PIM includes an appoint- 


ment scheduler and alarms that 
interrupt other programs. You 
can link contacts and locations 
with scheduled events and track 
contact activity with a notes log 
for everyone in the directory. 
Phone: (510) 770-8600. 

Circle 1284 on Inquiry Card. 


IMPROVE PICTURE QUALITY 


By presenting a slide show of 
screen images similar to test pat- 


COGNITIVE SOFTWARE LEARNS FROM EXPERIENCE 


DOR MIND Help Desk 


Eile View 
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Based on cognitive processing, the Top of Mind Help Desk 
for Windows incorporates principles of fuzzy logic, neural 
networks, case-based reasoning, expert systems, and text 
association. Top of Mind’s ongoing learned experience forms 
the basis for its smart pick lists—case information and di- 
agnostics listed by strength. The software forms its own 
links and associations and processes information the way 
people do. Faced with a problem, the software provides an 
answer based on this learned experience, while it gathers 
and stores precise data about the user's needs in continual 
expansion of the database for use in solving future prob- 


lems. From $4500. 


Contact: The Molloy Group, Parsippany, NJ, (201) 884-2040. 


Circle 1272 on inquiry Card. 


terns used by TV stations, Dis- 
playMate for Windows ($79) 
gives you the means to improve 
monitor-picture quality. From 
Sonera Technologies (Rumson, 
NJ), the slide show presents 
ways to improve sharpness and 
contrast, reduce some forms of 
geometric distortion, minimize 
or eliminate moiré patterns, and 
improve color and gray-scale 
accuracy. Test patterns let you 
evaluate and explore color qual- 
ity, balance, range, accuracy, and 
color matching. 

Phone: (800) 932-6323 or 
(908) 747-6886. 

Circle 1282 on Inquiry Card. 


PUT A CLOAK ON YOUR TSR 
Developed for Netroom 3.0, He- 
lix Software’s (Long Island City, 
NY) Cloaking technology is now 
available as the Cloaking De- 
veloper’s Toolkit ($299) for de- 
signing “Cloaked” utilities for 
memory managers such as DOS, 
DR DOS, QEMM, and 386Max. 
Cloaking allows device drivers 
and TSRs to run in protected 
mode without using convention- 
al memory. 

Phone: (718) 392-3100. 

Circle 1278 on Inquiry Card. 


DESIGN APPLICATIONS IN ADA 


А GUI application designer and 
Ada GUI source code generator 
for Windows, Visual Ada for 
Windows ($595) lets you choose 
from push buttons, bit maps, 
text-entry fields, combo boxes, 
static text fields, radio buttons, 
and scroll bars to create and 
modify GUI applications. The 
Aetech (Carlsbad, СА) code uses 
the company's Standard Ada Hu- 
man Computer Interface Library, 
which consists of an Ada library 
of data structures and subpro- 
grams that work identically on 
systems that use a standard GUI, 
such as Motif, Open Look, and 
Windows. 

Phone: (619) 431-7714. 

Circle 1283 on Inquiry Card. 


Software Update 


4PC-Doctor 1.2, WaterGate 
Software (Emeryville, CA), 
adds external cache testing, 
tape drive information, SIMM 
stress testing, modem setup 
information, PostScript printer 
testing, disk-usage informa- 
tion by file type and directory, 
BIOS data area information, 
and more. $129.95. 


Phone: (510) 596-1770. 
Circle 1296 on Inquiry Card. 


Sentinel 2.0, 

AIB Software 

Ed (Dulles, VÀ), 
EN is fully inte- 

EL grated with 
Hewlett-Packard's SoftBench 
development environment and 
adds a new GUI. From $595. 


Phone: (703) 430-9247. 
Circle 1301 on Inquiry Card. 


MapExpert 2.0, DeLorme Map- 
ping (Freeport, ME), is a 
completely revised and ex- 
panded database of every city, 
town, and rural area in the 
U.S., including urban areas, 
population centers, and eleva- 
tion lines. $495. 


Phone: (207) 865-1234. 
Circle 1297 on Inquiry Card. 


GX Graphics 3.0, Genus Micro- 
programming (Houston, TX), 
features direct support of 
Super VGA chip sets, high- 
color and true-color video 
modes, increased VESA sup- 
port, mode X resolution sup- 
port, multiple Super VGA 
pages, faster drawing primi- 
tives, 16-bit protected-mode 
support, and more. $249. 
Phone: (713) 870-0737. 
Circle 1298 on Inquiry Card. 


NovaLink Professional 3.1, 
ResNova Software (Hunting- 
ton Beach, CA), provides sup- 
port for Apple Open Collabo- 
rative Environment, Novell, 
UUCP, and FidoNet; multiple 
file attachments; and en- 
hanced graphics and sound. 
From $300. 

Phone: (714) 379-9000. 
Circle 1299 on Inquiry Card. 
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DIAGNOSTIC UTILITY 


HAS ANSWERS > 
Designed specifically [3 
for Microsoft Win- 
dows, Checklt Pro: 
Analyst ($149.95), from 
TouchStone (Hunt- | 
ington Beach, CA), is 
a diagnostic utility 
that provides a com- 
prehensive system 
analysis. The CKData applet 
collects all system information 
needed to troubleshoot your sys- 
tem; you can save the CKData- 
created data file across the net- 
work for interpretation by the 
utility. The Upgrade Analyst 
module lets you rate your com- 
puter's performance against that 
of others, compare systems to 
find configuration differences, 
analyze system setup, and access 
a software-compatibility library. 
Phone: (714) 969-7746. 

Circle 1289 on Inquiry Card. 


VIRUS DETECTIVE 


А 3-D proactive antivirus pro- 
gram, Virus Detection System 
Pro 3.0 (from $49) from Z-RAM 
(Annapolis, MD) combines scan- 
ning, integrity verification, and 


decoy launching to identify and 
eradicate viruses. The network- 
compatible program has a de- 
tailed set of instructions for sys- 
tem administrators to customize 
features to fit a particular situ- 
ation. VDS Pro includes generic 
cleaning and positive overwrite. 
Phone: (410) 266-5221. 

Circle 1293 on Inquiry Card. 


ADD YOUR VOICE TO 


VISUAL BASIC 

The Visual Voice ($495) custom 
control and toolkit for Visual Ba- 
sic and С++ developers lets you 
build PC-based voice-process- 
ing applications such as voice 
mail, interactive voice response, 
and fax on demand. From Sty- 
lus Innovation (Cambridge, 
MA), Visual Voice makes the 


INTEGRATION AND LINKING FOR UNIX 


Applixware applications and tools provide Unix LAN and WAN information-sharing as well as 
personal office functions. Based on an information object architecture, Applixware can inte- 
grate with external applications to build applications that you define. 

Office applications include Applix 
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What's New {Softwar 


PC the server and the phone the 
client. Set up to support the Mi- 
crosoft/Intel Telephone Appli- 
cation Programming Interface, 
Visual Voice includes a set of 
visual tools that help you create 
and revise all voice-processing 
objects such as voice prompts, 
menus, and files. 

Phone: (617) 621-9545. 

Circle 1287 on inquiry Card. 


DOCUMENT IMAGING 


FOR THE PC 

Westbrook Technologies’ (West- 
brook, CT) PC-based document- 
imaging File Magic Vision 
($199) software supports 200 file 
formats, including color photos, 
video, and slides. The OCR soft- 
ware directly integrates docu- 
ments from scanners and fax 
cards. Imported images can be 
from photographs, video-capture 
boards, film scanners, slides, and 
transparencies. An advanced 
viewing feature lets you display, 
index, retrieve, and store com- 
puter-generated, scanned, or 
faxed text-and-image documents 
in a single File Magic database. 
Phone: (203) 399-7111. 

Circle 1280 on Inquiry Card. 


Words and Applix Graphics ($695) and 
Applix Spreadsheets ($495). Applix 
Data ($995 per seat) lets you access 
information on Informix, Oracle, In- 
gres, and Sybase relational databases 
without any SQL knowledge. Applix 
Mail ($195) and Applix Open Mail 
($295) let you exchange and edit mul- 
timedia compound documents, mes- 
sages, and data files directly from 
source applications or the Applix Mail 
facility. You can communicate across 
disparate hardware platforms, operat- 
ing systems, and networks. 

Contact: Applix, Westborough, MA, 
(508) 870-0300. 
Circle 1273 on Inquiry Card. 


Software Update 


FAServer 1.1, Network Appli- 
ance (Santa Clara, CA), sup- 
ports FDDI, has increased 
disk storage (to 27.3 GB), re- 
builds replaced RAID disks 
on-line, and adds a Unix-com- 
patible x dump command for 
network backup. $16,995. 


Phone: (408) 562-1900. 
Circle 1300 on Inquiry Card. 


Global Lab Image 3.0, Data 
Translation (Marlborough, 
B MA), supports 

Dy Add-In Mod- 
RENNES ules, adds im- 

age-analysis features, and pro- 
vides additional particle 
measurements, enhanced par- 
ticle counting, new filters, and 
new frame-grabber support. 


Phone: (508) 481-3700. 
Circle 1311 on Inquiry Card. 


The Norton AntiVirus 3.0, 
Symantec (Cupertino, СА), 
can identify and resist known 
and unknown viruses, incor- 
porates Virus Sensor technol- 
ogy, detects 100 percent of the 
NCSA libraries, and opti- 
mizes the virus scanner and 
user interface. $129, 


Phone: (408) 252-3570. 
Gircle 1:303 on inquiry Card. 


TapeWare/LAN-NLM 4.2, Emeri- 
tus Technologies (Fresno, 
CA), adds full NetWare 4.x 
Directory Service backup sup- 
port and Cruise Control for 
automated backup tape rota- 
tion. From $299, 


Phone: (209) 292-8888. 
Circle 1304 on Inquiry Card. 


05-9 3.0, Microware (Des 
Moines, 1А), adds a pre- 
emptible kernel and enhance- 
ments such as faster interrupt 
response and context switch- 
ing, more efficient inter- 
process communications 
mechanisms, improved deter- 
minism, enhanced memory 
management facilities, and 
greater system-call through- 
put. From $4000. 


Phone: (515) 224-1929. 
Circle 1307 on Inquiry Card. 


SOLUTIONS 


Access Technologies for People Who Are Blind 


Olga Espinola and Diane Croft 


^». first-class and strongly recommended. . . . This is the book to keep on the 


desk always within reach for study and reference . . . ." 


— Jeffrey Moyer, access consultant 
Journal of Visual Impairment & Blindness 


Solutions takes a hard look at adaptive technology 
through the actual experiences of blind people who 
use it on the job every day. There is something for 
everyone—the solo computer novice, the mid-level 
user, or the "expert" wanting an overview or 
refresher course. 


There are interviews, resources galore, training 
programs, financial-aid assistance, and much more, 
including a complete product price list, and current 
information on every type of adaptive device. No 
more searching for bits and pieces of information; 
now it's all in one book. 


*...a Whale of a good book. . . edifying, clear, 
inspiring, and lots of fun to read. My students are 
in for a great adventure." 
— Ted Lennox, access instructor 
Eastern Michigan University 


"... you don't need to know much about tech- 
nology or computers to use this book; it explains 
everything." 

— BOOKLIST, American Library Association 


", .. excels in its ability to couple the technical 
and the practical sides of adaptive issues... ." 
— National Association of Private 
Rehabilitation Professionals 


"Solutions is vitally important and empowering. . 
. With this knowledge, a blind person can present 
him- or herself as prepared, informed, and 
qualified. . . ." 

—Jeri Williams, blind computer user 


/ѕ /o / v/ U/ T/ 1/ o/ N/ s/ 


Available in 
print 
braille 


cassette 
IBM disk 


National Braille Press 
88 St. Stephen Street 
Boston, MA 02115 

(617) 266-6160 


$21.95 USA 
$25.95 CAN 


Quatech's Solid State Drives 
for PCMCIA 


e 100% Reliability • No Moving Parts 


Quatech's line of Solid State Drives for PCMCIA (Type | and Type Il) fit into any personal computer and 
conform to the PCMCIA/JEIDA standards thus allowing your PC to access the newest technology used in note- 
books, hand-held computers and PDA's. These drives are available in three options: 3.5" front drive, rear card 
slot drive, or 3.5" front drive and rear card slot drive. 


Quatech's line of PCMCIA FLASH Memory, SRAM and I/O Cards offer add on memory in one, two and four 
meg options. SRAM available in one and two meg options only. FAX/modem, Serial RS-232, RS-422, EPP 
Parallel Port, and Digital /O give you maximum flexibility for your application. 


For more information on PCMCIA products | 
or our complete line of communication, data Т, QUA TECH 
acquisition and industrial I/O products call: ers “le ури 
: -434-2481 
800-553-1170 


662 Wolf Ledges Parkway, Akron, Ohio 44311 U.S.A. (216)434-3154. International: Australia/Interworld Electronics 03-563-5011, Canada 
(Westemylnterworid VCR 604-984-4171 (Toronto office 416-513-7027), England/Diamond Point International 634-722-390, Finland/Lab 
Hitech OY 358-0-804-2522, France/Elexo 33-1-69302880, Germany/Jupiter Electronic Systems 06181/75041, Israel/RCM Ltd. 
972-03-5447885, Italy/N.C.S. Computer Italia 03311 770-016, Netherlands/ACAL Auriema 040-502602, Korea/Sam Boo Enterprise Co. 


82-2-538-4001, Spain SANTA Barbara SA 343-4188116, Singapore Bliss Services Pte Ltd (65) 338-1300, South Africa Made 
Eagle Electronics 27 21 234943, Switzerland Amiro Tech. Engin. 37-2311-18. IBM PC-XT, AT, and Micro Channel are in 
registered trademarks of IBM Corp. All other trademarks are of their respective companies. U.S.A 


Circle 108 on Inquiry Card. 
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Mail Order 


The latest offerings from 
vendors supplying 
products of all leading 
manufacturers at extremely 
competitive prices. 
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Y IT THROUGH 


Hardware/Software Showcase 


This categorized four-color display 
section makes it easy to find 
Hardware and Software products from 
a wide variety of manufacturers 

and suppliers. 


292 


Buyer's Mart 


From Accessories to Laptops 
to Word Processors, you can 
easily find the dealers you are 
looking for in this directory of 
products and services. 
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148651733 LCD 
NOTEBOOK 


® 33 MHz 48651 Processor 

D 4MB RAM Expandable to 20MB 
P 120MB or 200MB Hard Drve 

) 2 PCMCIA Slots @ 1.44MB 
Diskette Drive @ Pre-Installed 
Software: MS-DOS" V 6.0, 
Windows’ Ө Free Case (While 
Supplies Last) Ө Ball Point'^ with 
QuickPort™ ® Weighs only 6.9 Ibs. 


zome.. Ow 2209.0 


* 2400 ^n 
200MB Sas ^m gd F », 4 had raj 


5 USER C 
10 USER CD 
25 USER CD 
30 USER CO ................ NEN ТТ? 
Netware V3.12 MEY 
V3.125 USER 3 S + aaa 879.00 
УЗ 12 10 USER 35" 1299.00 
V3.12 25 МУ ases tm 1799.00 
УЗ 12 50 USER 35° — s 2919.00 
V3 12 100 USER 3.5* — 3509.00 
Сал ки Pre nQ on NetWare » CD: ROM A 
Verton and — xjes 
NETWARE LITE 1 USER "E n 
NETWARE LITE STARTER KIT... ...239.39 


NE2000 PLUS ETHERNET COAX CARD .... 108.80 
NE3200 w/TPA ............... а r 


A 


THOMAS CONIUD 
TC5143 ETHERNET CO —— — LÀ 


165143 ETHERNET GOAX GPK . — ..... 890.85 
TC5143 ETHERNET 108T _......._.............9595 


ТС5143 ETHERNET 10BT 6PK.... ces, 484.28 
TC6242 ARCNET 8 am ER с CARD. t — 19.00 
TC6245 ARCNET COAX CARD ..................... 179.99 
TC0242 ARCNET+ ТР CARD 99.94 


TC6245 ARCNET ALL-IN ONE CARD... 258.84 
TC8040 ARCNET PASSIVE 


TC6250 ARCNET ACTIVE 8 PORT HUB COAX 34228 
TC5055 ETHERNET 8 PORT CON 10BT 
TC6151 ARCNET 16 PORT SMART рае. 
1С4035 TOKEN RING 4MBPS CARD . 
TC4045 TOKEN RING 164 CARD 
COAX CARD 


TCNS 100MBPS 8 PORT SMART HUB FIBER 1465/30 


#! ARTISOFT 


AEJ ETHERNET COMBO CARD  ... 196.96 
NOOERUNNER 2000A .. .. ————Á UE o 
NOOERUNNER 2000T .... — 1 dd 


NODERUNNER 20000. .. se a 176.47 
NODERUNNER/SI 2000A. __. 119.08 
NODERUNNER'SI 20001 eo TAA 
NODERUNNER'/SI 2000C —— 97.44 
CENTRAL STATION I. . .. . .. ... . 388.88 
108T 5 PORT INTERNAL HU — 289.33 
NODERUNNER STARTER УН WINDOWS.. ..49 a.57 
LANTASTIC AI V5 O . u———M i 
LANTASTIC Al V5.0 WINDOWS ....... ,A—. 99 
LANTASTIC SOFTWARE . 000005 OBO 
LANTASTIC FOR WINDOWS SW. oo 129.88 
T. RUNNER 8 PORT 1007. EM E. 


T-RUNNER 12 PORT 108T oo cue OTT 


SMC | 


ULTRA18 ETHERNET COAX ا‎ 103.25 
ULTRA16 ETHERNET COAX GPK .. . ..... 883.66 
ULTRA16 ETHERNET tOBT - 109.25 
ULTRA16 ETHERNET 1087 GPK... . 582.68 
ULTRA16 ETHERNET COMBO . ..................... 125.35 
ULTRA16 ETHERNET COMBO 6PK.._....... ....603.48 
ETHERCARD~ ELITE 8 BIT COAX ... .........97.82 
ETHERCARID« ELITE COAX ... ... .„...........110.04 
ETHERCARD- ELITE COAX 6PK... ...............B98.73 
ETHERCARD. ELITE MCA COAX ................. 188.26 
ETHEACARD+ ELITE fOOT, ......... . ........119.84 
ETHERCARD:« ELITE t0BT 6PK......... . ..... 633.08 
ETHERCARD^ ELITE MCA 10BT ... ........... 189.83 
ETHERCARD« ELITE EISA 10ВТ ..... . re 
ETHERCARD« ELITE COMBO .. ......_.._....1705Т7 
ETHEACAAD+ ELITE COMBO &PK . .... ... T8659 
3608 ETHERNET 8 PORT CON 108T ._.... 329 81 
3512 ETHERNET 12+2 PORT CON 108T .. 614.76 
PC600WS ARCNET CARD COAX. .. .125.83 


PC650WS ARCNET CARD ТР —. .119.84 
PC5O0FS ARCNET CARD COAX _ 199.29 
PC130 ARCNET CARD COAX.. - -68.5 

ARCNET 8 PORT ACTIVE HUB COAX ......... 229.41 


TOKENCARD ELITE 16/4 .... cs... -......... 299.88 


CDW 29539 
CDW 29540 


à 2 


30529 ETHERLINK 1 MEA 

3C509 ETHERLINK Iil COMBO 

3C503 ETHERLINK It COMBO 5 PK... 
30579 ETHERLINK HA а 


3С579 ETHERLINK E — 
363627 12 PORT CORKBULDER чоёт... 


Xircom 


PE310BC POCKET ЕЕЕ СОАХ ....... ...3 


A20286 POCKET ARCNET COAX. . . 
PT2168T POCKET TOKEN RING 164. . &2B 1 
PT21683 POCKET TOKEN RING 16:4... .927.04 
РРХОЗ PARALLEL PORT MULTIPLEXOR _. .. 79.04 


ІВМ TOKEN RING 


ІВМ TOKEN RING 16/4 15А.............................80 
IBM TOKEN RING 16/4 — — 
(BM TOKEN RING MAU .. " 


INTEL NETWORKING 
ЕТИЕНЕК РИБ | 6 COAX... —— _ 
ETHEREXPRESS 16 COAX SPK.. 
ETHEREXPRESS 16 COAX wae 
ETHEREXPRESS MCA COAX. 
ETHEREXPRESS 16 108T....... 
ETHEREXPRESS 16 10BT 5 PK. . 


NETPORT 
جار ا‎ aid ! 10BT .. 
——— SA HUB Б. 


JUMBO 120MB INTERNAL .. 

JUMBO 250MB INTERNAL ... = 
TRAKKER 120048 PARALLEL PORT 
TRAKKER 250MB PARALLEL PORT... ....... .. 
POWERTAPE 2GB SCSI INTERNAL. ...... ......94 
POWERTAPE 2GB SCS! EXTERNAL.........1 
POWERDAT 2GB SCS! INTERNAL... ... .. .... 1$ 


ТАРЕ 250MB INSIDER 1° ............................... 11 
TAPE 250MB INSIDER НН................._.. 
FLOPTICAL 21MB INSIDER... ............. s 
BERNOULLI 150MB INSIDER SCS! . .. ........ 499. 
BERNOULLI 150M9 PC POWERED. .........478.68 
BERNOULLI 150MB TRANSPORTABLE .. . 579.2 
BERNOULLI 150MB INSIDER IDE NEW .. .....499.1 


SE120 120MB INT TAPE B-U............ ........ 139.89 
SE250 250MB INT TAPE В-1).......................%74 


= = — 


BACKPACK 3 5° 1.44MB FLOPPY PARALLEL 177.64 
BACKPACK 5 25° 1 2МӘ FLOPPY PARALLEL 177.84 
BACKPACK 170MB HDPARALLEL........ 3789.59 
BACKPACK 200M9 HD PARALLEL 
BACKPACK CD-ROM PARALLEL.. ..... . ...357.8 
BACKPACK 250448 TAPE B-U PARALLEL ... .359.0 
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p DoubieSpace Disk 


New DoubleGuard and 
ScanDisk for More Data 
Protection @ MemMaker 
Memory Management 

Ф Anti-virus, Backup and 
Undelete @ А Must-have for 
Windows Users 


— Ф, 547.75 cow 32715 


Step-up from V6.0.Only .... > F «99 CDW 33244 


i 1 i | 
s H P 
(TAPE, REMOVABLE & FLOPPY DRIVES Ш PLOTTERS, DIGITIZERS & SCANNERS 
HURTA 
ISONE 12 X 12 4 ВОТТОМ __....... .. .....90828 
РКЫ ЫШНА SUS mis 
1 124 .. ЖЭО 
PRO NOTE 42МВ PARALLEL XLP 12 X 18 16 BUTT —  AaMASG 
PUMA 88MB PARALLEL .... XGT 12 X 12 "— 1 
MARLIN 105MB INT IDE ...... .. AR ag FCaConp 
BBMB EXT SCSIW/ADPT 4837 


OB Ni 12X12 < BUTTON... 90404 
OB Wi 12X12 16 BUTTON............. ........ .. Hi 
08 iif 12X18 16 ВИТТОМ...................... 98 

12 X 12 4 BUTTON CORDLESS. ss. UD 
12 X 12 16 BUTTON... — M 
12 X 18 16 BUTTON .. (——— B | 
24 X 36 16 DUTTON.............................. 1383.3 


Sunvnagapohiat- 
Pr a 


2 X124 BUTTON. .. 25980 
TCH Ill 12 X 12 15 BUTTON ... 25890 
B X 12 4 BUTTON... ....824.44 


— 


70-250 250MB INT IDE...........................—....... 109.32 
FS8500 305М8 INT IDE ........................—. — 448.80 
1200-4 4GB EXT SCSI ............._.____ 2019.03 

\ SE TER mr g | 


WYSE 30 AMBER OR GREEN...... ...... 27289 
WYSE 50 AMBER OR GREEN....................... 285.90 
WYSE 60 AMBER, GREEN, WHITE... 27390 


WYSE 150 AMBER, GREEN. WHITE .............. 265.48 RORIS 
WYSE 160 AMBER, GREEN, WHITE .............329.09 ик iri № — 
5.40 —— oe B. 

aliua ttti nerven ll cá 
MULTIMEDIA SOUR ND, CD & HEWLETT 

ALTEC LANSING ACS300 SPKRS/SW ........... 274.26 РАСКАНО 

CDW 5 CD BUNDLE... ннан 129.00 HPSGCASBET VP ааьан 48 

CDW 5 CD BUSINESS BUNDLE.............- 119.06 HE SRANJET ET IP DOCUMENT FEEOER....... 2 9 

CDW 5 CD ENTERTAINMENT BUNDLE ......... 79.33 

CDW 4 CD EDUTAINMENT BUNDLE... 65.16 HP SCANJET ICX DOCUMENT FEEDER” 61472 

CREATIVE LABS DISCOVERY 16 INT.. 496.81 EPSON 

CREATIVE LABS MULTIMEDIA STARTER INT .....446.58 | 

CREATIVE LABS SOUND BLASTER PRO... 117.97 ACTIONSCANNER £S600C 796.06 

CREATIVE LABS SOUND BLASTER 16 ASP 19000 | ES800C PARALLEL/SCS! 1077-29 

MEDIAVISION PRO AUDIO SPECTRUM 16... 150.64 TIONSCANNER ESBOOC 0772 

MEDIAVISION PRO AUDIO STUDIO 16... ... 218.30 BEBE IT YE TTA 124153 

MEDIAVISION PRO 16 SYSTEM П BUNDLE ..847.97 | — WIDEO PRODUCTS 

ИШЕНЕ а BEETHOVEN..... .. va = & SUPER VGA MONITORS 

MICROSOFT BOOKSHELF CD... HPBS AST VISION 4N 14"... asas ss 3891 

єз 4 AST VISION 4L 14°. —— ...998.85 
MICROSOFT WIN SND sys ¥2.0 »riusewarosevpevesses 52.95 MAG INNOVISION MXISE — 3 17 97 
MS WIN SND SYS V2 0 WIBOARD ............ 145.18 MAG INNOVISION MX17F ... — wn 800.50 


ORCHID SOUNDWAVE 32 ..............................210.72 


MAGNAVOX СМ2079 14° 39... 239.20 
ORCHID GAMEWAVE 32... . A.D 


MAGNAVOX CM2089 14° 28... _______279.00 


PROCOM INT MULTIMEDIA STATION ........ 738.16 MAGNAVOX ‚См9г17 ас = 00050 
PROCOM EXT MULTIMEDIA STATION ..... ...789.46 MAGANAVOX 20CM64 207 ҥ.............. -— .. 1169.8 
SONY DSKTOP LIBRARY INT ....................__267.97 о ретт а 719 з 
SONY DSKTOP LIBRARY INT W'SND......... 468.59 NANAO FERON (F —— — - 
SONY DSKTOP LIBRARY EXT W/SND......... .546.74 МЕС JV IS... a D. 11.19.00 
TURTLE BEACH MULTISOUND . — | NEC 3FGÊ IS... n... 2. 099.00 
RON OF PTICA | DRIVES NEC 4FGE 157... ..... .__.......809.00 
ЫА. NEC SFGE = ae TT | 
CHINON СО5535 INT CD-ROM КІТ... 388.45 NEC SFGD 17"... ... ..... sss. 1350.99 
CHINON CDX535 EXT CDROM KIT ..............449.08 Бес; ср че a —— 
ACCULOGIC PARALLEL PORT CD-ROM.......499.50 is NIC 61981 ' —À С 
HITACHI 19005 EXT CO-ROM....................499.95 PHILIPS 176406 2 c — 
HITACHI CDR1850 ЕХТ...................................812540 SONY CPD1430 14" .. €— NENNEN TT 
HITACHI 6700 INT СО-НОМ............................. 409.85 SONY CPD1730 17... n 11048.15 
NEC CORTA EXTERNAL CB. ROM... 10880 VOA à SUPER VOA DISPLAY CARDS 
NEC 3Xt INTERNAL НЕМУ... 479.90 aem Hm PEUS IAD. ИЕ ЖИНИ = = 4 
N EXTE WoO | ACTXULTRAPLUS2MB ........................... 
r9 v-————— | ooi 77725000 
à ATI GRAPHICS ULTRA: 2MB ... 231.97 
ORCHID COS3HQ INT ... ess sss 27263 -"-—— 7 
> ATI GRAPHICS ULTRA PRO 2MB _. 357.62 
PIONEER DRM6O4X 6 DISC QUADRASPIN 1247.42 ATI GRAPHICS ULTRA PRO 2MB EISA... = M 92 
PROCOM 200MS INT SCS! CD-ROM............452.09 ATI VGA WONDER XL2 119.32 
PROCOM 200M5 EXT SCS! CD-ROM .......... _ 557.68 CREATIVE LABS VIDEO BLASTER .. ..........339.02 
SONY CDU535 INT CD-ROM... 179.03 ci RÉATIVE LBS VIDEO SEGUI s m ru 
Y 101 INT SCSI CD-ROM ........... 349. AMON i С 
SONY CDU7gOSN EXT ر‎ -— — DIAMOND STEALTH PRO 2МВ..................... 339.61 
5YDOS PARALLEL POAT CD-ROM................200.51 DIAMOND SPEEDSTAR PRO ye ннн s 109.00 
ел DIAMOND VIPER VLB 2MB _ 398.49 
TEXEL 3028 240MS INT KIT -CALL | HERCULES GRAPHITE IMB .............. 229.72 
TEXEL 3028 W/PA SPECTRUM 16.................. CALL HERCULES GRAPHITE 2MB PASS 
TEXEL 5028 240MS EXT KIT . ... _............. CALL HERCULES DYNAMITE VLB , ... 138.00 


INTEL SMART VIDEO RECORDER... 499.89 
ORCHID FAHRENHEIT 1280,5... _ 154.97 


TEXEL 5028 WPA SPECTRUM 16, .......... CALL 
TOSHIBA 3401 INT SCS! CD-ROM .........397.87 


TOSHIBA 3401 INT SCS! CD-ROM W/ADPT _ $18.14 ORCHID FAHRENHEIT VA - 17797 
= ORCHID FAHRENHEIT VAVLB : 209.45 
TOSHIBA 3401 EXT SCS} CD-ROM 15.95 ORCHID CELSIUS VLB IMB  . .... 23897 


TOSHIBA 3401 EXT SCS! CD-ROM W-ADPT бав $5 ORCHIO 2MB —— 208. 
TOSHIBA 3401 EXT SCS! 4 DRIVE TOWER 2535.08 STB ace car че: "12 TU 
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US Robotics SPEC cnet | САМОМ 
ue [ ame и Алайы PUR CHAS | i 1 ] i 2157 d © т LI "Ra, 7 - Fr. ә» 5 n Е 
14,400 BPS УЧГ1Т SEE PLE Î color Bubbe; 
= ET = p Ч ' | HA y | E 
Pocket Modems A а oy + Pri 
af Fi 3 1 ت‎ DD, rinter 
, ber Data, V.32bis bp BJ | A. & ` : | 
го sf Fax Model Adds - 0 75% шь [> e / T. 
a Send/Receive Fax | uu T^ иллаа Ф н Color ЭНИН 
ве V.42 Error Correction | System: Less Waste 
v^ V.42bis Data Compression : ® 4 100 Sheet Feeder 
v LED Status Indicators e SV ч CDW / Laser Quality Text 
| / Optimized for Plain Paper 


Battery Powered, AC Adapter - ' 

Included اس‎ HUNG v/ White Supplies Vioram Colors Without — : 5 
ness | SERVICES YOU | =" Canon 

14.4K Data............... [5 АА, U COW 27097 — چ‎ 8.50 

14.4K Data/Fax... ә! ANI Г j CDW 26535 BETTER he JN Ре ФӘ ЁЗ لے‎ : ) CDW 32009 


COMPUTERS ИЙ OATI A LASER PRINTERS MODEMS a COMMUNICATIONS TT ! 
HIBA | EPSON If: ^ ' سی‎ 
TI900120MB . 1468.00 T1950CT/200MB — A | ‘Robotics HAYES PCMCIA OPTIMA 9600 WFAX. . 235.55 
Us py 100.00 TISSOC T AQOMB 3399 00 AP3250. . .. 17215 tone re 1 1533 14.4 INT — ІВМ PCMCIA î TOKEN RING 164... BA 
900€ 2048.00 T 7 | mme з eneee WIS a — - mue EEE 145.55 € 3.79 
т! fae tec ee | DXB10. сыс? TA 7198787 IANT WEA УУТ маю | INTEL PEMGIA 9600 WAX... 
I E UE TEE A E I н DFXBOOQ. 22779] 144 EXT W/FAX Шш IRAS | INTELPCMCA 14.4 WFAX 
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I 1050/200MB -2099.00  TG600C/S10MB .6099.00 LO1070. ............985.: o. V.42TERBO Mer MODEMS 417.97 MEGAHERTZ PCMCIA 2400 WRAK 7 
TEBOOC/S1OMB СО......................... 6800.00 | ABTION LASER 1800 WL ыз? | VERO Bar 1ай яо | MEGAHERTZ PCMCIA 9600 WIRAK А. 
پاپ ی ن :یا‎ масои... ee fl ll — V32TERBO EXT WAX Т ——— ELE Coen юе JACK WF AX. 2 
NEW Ta700C ао О 7 САЦ МЕС 168 HST EXT аус атт | MEGAHERTZ PCMCIA 14 4 XIACK WEAK 22797 
1 E? 18 eee ۶ Д 
AST P3200. i 0 Sdentarter Э5ЕХ ... MN | DUAL STD TERBO INTIEXT WEAK _ 788.95 840.90 аа galt” ——` 
LC 4259/4335 120ЫВ4МӘ . — 99797111997 SupuScpt 610 MEW 635.83 DLL : тъл T. CONRAD PCMCIA ETHERNET COAX ...... 289.8 
те le co^ ee ey - —— M zu Hayes USA WORLDPORT PCMCIA 2400 W/FAX .... 284.50 
LC 4500 120М8 4MB210MB ANB 1527.57 1787.97 | — ACCURA 24008 INT 59 USR WORLDPORT PCMCIA rm — 
e ccm oy eet 4 —— ACCURA 24008 NT $8.10 OPTIMA 24 FAX 119.34 XIRCOM PCMCIA ETHERNET COAX... 
LP 4255 170MB AMBOAOMB BMB 1177.87 199.15 | трт. #25 OPTIMA 9600 EXT 334.50 XIRCOM PCMCIA ETHERNET 1087... .. .. 
LP 4330 170МВ AMBOAOMBEMO . .1445.60. 1889.77 — | 1180 1249 НА OS COTTE OPDTMASSTAR QUAE XIRCOM PCMCIA ETHERNET COMBO... 
UP 4650 170MB 4MBA40MB BME.. 1854 52.2394 9 | 150 13948 2180... 62 pron ine deal UL — > | 
МТ 4330 170MB,4MB/240MB, ама 1497.97 arar | 6s. 3 TU с... = — —— па P ACCURA 14 4 FAX 195 —- OPTIMA 14 4FAX378.30 | м IE MOR UPC R {а р ЕЗ | 
MT 4/660 170М8.4МВ/340М8 BMB 1997:97:248797 | I ea EU SER 8929 | jCOURAIMAEXTZIS46 ULTRA DO EXT SOR WP CDW Fe De 
NOTEBOOK BOMB МОМО ... . .._...._.. .165797 2\23 — 24117 OPTIMA 2400 11264 ULTRA 9000 EXT 569.18 W” Features Ikin, КІ jston, 
NOTEBOOK 12048 MONOCOLOA “17879720924 | 224. Omaan — v чыл аш Pacific Data and Simple 
MONOCOLORA... 1867.97'2527.97 Е ч | 
NOTEBOOK 170MB COLOR» — 329797 | پډ‎ pum Technology Memory, 
POWEREXEC 4/25 200MB MONO SPECIAL 2400408 | Texas INSTRUMENTS ^o ИТ... Ж лон aera ин 81.59 AST BRAVO 4861 С 2MB .. 
POWEREXEC 425 200MB COLOR SPECIAL ...... 395.84 MICROWRITER BASIC/PS35..... ......518.39/677.97 2400 EXT p14 AST POWEREXEC 486 4MB... 
ACER | MICHOLASER PRO 600 PS23 NEW ...........1329.82 PM2400EFX 2400 V 42 INT v Wit AX... ES i —Q 
MICROWRITER PS65. E PMS400EF 2400 V 42 EXT Ww 108.&£ AST PREMIUM Il 1MB m SIMM .... = 
ACROS 45S 1ТОМВ.............................„# | MCROLASER PRD SUO PSAi BNW. = ra? a PMB40GFP 2400 POCKET WAX ...... 100.86 AST PREMMIA ВМВ ОРС... — OA 
ACROS 40D Y70MB..............————. T2909 MICROLASER PRO 600 РЗ65 NEW.......... $4925 PMSGOOE XS $600 NEWER en 2.174.320 COMPAQ DESKPRO ВМВ... 
ROS 4233D 240МВ....................................150ДИ act. = os o 983.4 COM CON 
ACROS 4500X2 170MB .. ык т=н — т ‘After $60 Manutacturer Rebate PM14400FX 14 4 INT WFAX (— lS ES 
ACROS 4500X2 nny | | PME VALENT WEAK (Cf 1128 | س‎ | 
[e PM14400FXSA 14 4 EXT WFAX LCD 37645 | COMPAOQDP386164MB 
Сапоп PACKARO PM14400FXP 14 4 POCKET W FAX 339888 | COMPAQ LITE 425C 4MB |... CA 
Deskjet Port 310..309.80. Laserjet 4L... 680.87 | COMPAQPROLINEA 48623 4MB ... _ _. 
| Lt 319.09 LaserJet 4P NEW _ 690.99 intel COMPAQ PROSIGNIA 16MB.. CAL 
| => 390.90 Laserjet 44P NEN 469-80 SATISFAXTION MODEMS | EPSON ACTION LASER 28MB . . С. 
Deskjet 550C . 5390.12 LaserJet 4... ..... 1 A6 100 INT ' 350 INT 25i HP DESKJET 500 & 500C 256KB.. CALL 
Deskjet 1200С. 1299.88 LaserJet 4M. ... 1948.04 200 INT .....20899 — 400INT OO 20.93 HP LASER 4L 1MB MEM ——— 
Are чн 4. ME 1040.04 200 NT ..—. 20000 400 INT 208 52 1MB МЕМ UPG.......... aes ... CALL 
Laser. 9$ | зот... ^ 2221 400Е EXT .....309.55 dp e i 2PAN а анаа — CALL 
| 2400 V.AZBIS | anam 132.67 HP LASE 351 4MB... cove anae CALL 
| TBM LEXMARK 2400 V. ni SEN: — ——' LI. HP LASERJET 4 4MB . a ВАЙ 
| 4037 5E SPPM AES. MEET i ——7«~—_—€ Û | dae LES үү, a CALL 
4029-10 10ОРРМ........................................19%7.7 144 EXT МАХ... Jose 18728 | IGM THINKPAD e оттон“ CALL 
| 1l ————— 1347.97 BOCA | NEC SILENTWRITER 95 2МВ —On Й 
| 190 10PPM M алаа. ШТ BF ВОСА M им ی‎ — n 118.35 | 
4039-12R 12PPM ... m 8 | BOCA W — 148.95 ES e 2 
4039-121 12PPM........ gae dct mega pupa qnd 
| 4099-16 18PPM..... | Г | BATTE \CKUP AND UPS 
[L напо DAIVES а CONTROLLERS | Q^ 
| 7 
ВС250...... . 901! OMNISOOLAN.....269.31 | ^ 
Mipctor | oa eel Geeta Gee TOA 1000.1 1850, 20005X E. 22006X 2MB. ... CALL 
12MBIDE... (7834 заѕмв SCSI 3590 | EE LL 191.42 OMNI 750 LAN . 389.96 TOSHIBA 1800 1890, 2000SXE. 22005X 4MB.. CALL 
13MB ТОЕ. 219095 540MB IDE iiia BC500 LAN .. 19940 OMNI 1250 LAN 3580.03 | TOSHIBA 1900C.4500C.4600C EME ....... .. -CALL 
245MB S — 23895 e ТИЕ d ВСБОО LAN... .230-50 UNISON 600 . 408.85 TOSHIBA 4400 44005Х/С 4MB CALL 
245MB -— 4298.9 124GH .———1249. eee" LUAU... .......... „145. | 1800. 1850. 2000SX/E. 2200SX „CALL 
ЗАУАВ IDE ........ 290.18 SUS MAT | BCRDLAN — 18987 161600... 7192.40 — 
DONEN AOAR WERE... “ Due to an Industry-Wide Memory 
ICROPOALIS }ЧУЕНВТЕН.....................8#.23 S 
1MADOOE 4250 120MB MONO .. - m MRNA FOR D Please Call CDW for the 
200M8 MONO NTT IT 2210A 1050MB IDE ..969.80 15:820GBSCSI.......1327.43 est, Most Current Pricing and 
TM4000E 4/255 120MB ADV COLOR...........2097.97 2210 боме SCSI.. ‚97958 1908 IGA SCSI... 20.21 BACK UPS 250...... ..99.)4 ^ 4 
TM4000 4/40 200MB PASSIVE COLOR... 2973.97 2217 1 7GB SCSI... 8 190388 5С5....229028 | BACK UPS 400... TBO SMART UPS O0 ^ 36138 Availability Information. 
МОКЮ...........................252770] AA BACK UPS 450 .. зел NAR, UPS 900 569.33 , 
| HER BACK UPS 600... .264 SMART UPS 900X. 1118.04 PROCESSOR/UPGRADES ű | 
SAMA IDE nd жий DE — AEN UPS 900.. ...374.34SMART UPS 1250...709.87 СҮЙРҮ 486DFOUQ ИР! GRADE . — 
там СЕ NB SDM DE. 819.36 1250, — ааб TTSMART UPS Zo itn | INTEL OVERDRIVE 16-20MHZ 
| 210МВ = —. 228. 540018 SCSI. „= се кез 35 SURGEARREST PLUS... .......... | — OVERORIVE az - ШЕ 20 
کل اس س‎ Oh 3 b —— $m ] 
— Др ва 37GB SCS! ......106020 | SURGEARREST PLUS WAEL. . INTEL OVERDRIVE 33MH2 52958 
Seagate KINGSTON SX/NOW 25MHZ ..... =... .. 168.45 
MB MFM. 239.94 281MB IDE... 244.50 ^ To = ише KINGSTON SNOW 3MAHZ .......................... 198.25 
42MB IDE MEL. ЗА1МВ IDE. “339 40 - "M MICE inea x a 488/NOW 25MMHZ .......................329.76 
O6MB IDE.............. 4 452B IDE... ... 429.80 hat KINGS 485,NOW ЭЗЗАН7......................... $19.25 
130M8 IDE........... ай 766MB ESDI.. ........ 998.90 [LoGITEcH DEXXA و‎ my - 2131 = - - 
8.98 1 cere BEAT | PONES MOUSEMAT COMBO Lus . 48.81 AA COPROCESSORS 
^5 | BLOGITECH MOUSEMAN CORDLESS seal | ————— 
CONTR LOGITECH TRACKMAN POR — 7250] | INTEL 287XL — 
ABCUMOBIC oa 23.65 OMAN PLUS. ^... BRT) INTEL 387SX 16/20/25МН2..............................786 
рыу рт T 3.08 MICROSOFT MOUSE V20 SERIAL” ........59.00 | 
NC DE WEAD- ee |WCROSOFT MOUSE V2 0 PS/2" "000 | INTEL 3875Х33Мн?2................................ 61.20 
ACCULOGIC ISA SCSI-2.. i wrr еее" 129.29 [MICROSOFT MOUSE V2 0 WAVIN 3.1 COMBO - 149. 96 | INTEL 38751. (90009900400 058079  —— O 
ACCULOGIC EISA SCSI2 .................. 349.8 MICROSOFT BALLPOINT V2 0... ‚15277 | INTEL 3870X ....... ы 35 
ADAPTEC 1522 SCSI КІТ... 190.58 P BALLPOINT MOUSE WAN 3.1 — 144.48 | INTEL napipCaD.......................238.18 
ADAPTEC 1542CF SCSIKiT........ 39940 | B. ELA E E | Р ины тшн — 
CDW” Sells for Less and Services You Better! a ee 
г = = ‘ LJ q р 1 i ч L ; F F на ' 1 Г 1 Low 1 i | 
ot E ты 2 | . Fa i ' | 1 | he y —: 2 L j M i ' | | i = 5 
f " «6 à d ч d P i 4 by > — -, y | j j h TA. ЕР, 5 i Lif 
= | f т 


i T: 0 اا‎ LE FAX (708) 291-1 737 ©1994 COW" Computar Contars, Inc. 8ТЕ813 


Circle 152 on Inquiry Card. 


CALL FORLATEST PRICING!) 
NO SURCHARGE 
FOR MC, VISA AE & DISCOVER 


"ANY ADVERTISED PRIC 


| WE ACCEPT PO'S 
"| FROM QUALIFIED FIRMS 


FAAARA ыы г” сиир -— V a р — — 
C CACHE MEO | IBMPS/2SIMM MODULES JÛ ТОЅНІВА LAPTOP MEMC 
кка = es о ZKS IBMPARTNO. WORKS WITH MODEL ND. PRICE MODEL MANU. PARTE PAICE 
32Kx8 28 00 9.00 8.00 700 30F5348 (512) 30-286 37.00 T1000SE/XELE PC14-PAB312U 94.00 
А - 300 305360 (Me) 30 30-288. 25-286. 50 MTHR BD. 2400 PC18-PAS317u 94.00 
800 5450379 (2м) 50-111. 311-121. 321,087, 161 8900 T20009X/TI000LE POPMEMU 19950 
6451060 амер) 80; h 30-431, 80. i Boat 18900. T20005X/TI0Q0LE PC|4;PAB315U 36900 
. 6450604 (2Мер DUET A od v Ioa , 80 . aera ا‎ y ed E эт dim 
6450608 que) 7 ДЕА, RO кушма ‚Ма oO т 3: тодоовкебаювХТ B00. 1850.6 ® :& 363.00 
Р "EDI LN "qe T4400SX; SXC T6400 —— 231,00 
MEMORY FOR ISM & APPLE rx 4500 $2997] P ) 538X зы ta EEE | | | peo T6400 | “PFA D 
БА Ысы E E {== fe es — = 
1 OA-—-* 4. - Bo З2ғ9935 (2 т=@ HU cath geo T4500, T&SO0C, T4600, T1900, Т1900С (3.3 v)j4Meg —  PC-PA2012U 249.00 
fMep4 2500 2300 2100 - БОК 45. 6450902 (ме 56. 57, 575Х 90, 95 05 00 T4500, Т4500С, T4600, T1900, Т1900С (3.3 vj8Meg  PC-PA2013U 489.00 
(Zip Packt) ; rod Er i D Value Point 77 486DX2, 486SX. SVR B5 14500, Т4500С, T4600, T1900, Т1900С (3-3 v)16Meg РС-РА20140 1349.00 
Éx4 - - nS 0095 корп эю 5002000) STEN. DO 08, DER E M sums 70 © тй ме PCPAXEBU 34800 
{Video Zip) 80487-DX (Does All) 339.00 сү: Point 77 4860Х2, 486K, nee : СЕ oa nii m 41000 
25Bx4 475 450 - - Intel SX (Does All) 79.00 6450128 (BMeg) 355X, 405Х 419.00 оз one PA2009U 71900 
256 x1 300 275 250 225 (tel SL Mobil 85.00 6450130 (8Meg} 56, 57, 575X, 90, 05, P-75, 57SLC 43900 1310051 16Meg PC-PA2 Ө. 
256x16VRAM- 3900 3900 - intl 16SX 49.00 Value Point 77 4860K2, 4B6SX, SVR 85 T$200XE 2Meg PC33-PA8306 — 9700 
64x4 E - 325 - Intel 205X 54.00 790999 (мед) 1Х40, N33SX. PS Note 114.00 T1600 2Meg PCS-PASIO2U 10400 
"- E Е = 200 i 79F 1000 (4Мед) LX40, N33SX, PS Hote, Thinkpad 350. 350c i 2Ме) PC3-PA7135E 17900 
- — —— س‎ 9f 1001 ( LX40, N33SX, 2Meg PC9-PAS340U 129.00 
IACZXCUUPEFTESTTTICG Just 0761826 (2Meg) N51 {ali PCIS-PAS3OMU 104. 
Change: Your 386 to a 486DLC .. M 071827 (4Meg) HSI a) ‚ e — 
- c dE T 1. S PEPATI 18800 
" - — ÁÀÀ » 70441 Y : РО6-РА71 185.00 
= Plug Cache Suftware = U vs 387 Math Chi ; 1 TON 
» 50-60% Ist •005 à s Compatible Landmark ¥ 2.0 0780410 Be пена! IL а To ИШ 12000 
Cynx 486 DLC 40MHZ 199.00 130 6660094 (16Me]) Thin mi TUM": ! 4Meg 1 PCI2-PAB909 22400 
Lone ioe Ой 0761420 ideo C157 p. Thinkpas 700, 700C, 720, 220С Мәд à B AP ا‎ 129.00 
Супх 486 SLE 33MHT 159.00 ia 9961421 (EMeg) CLS7LSX Др. кра? 700, 700С, 720. 720С 4Meg PASSISU 219.00 
: p 095 6050376 18Мед) Thinkpad 350, 360c 2Meg pore ا‎ 95.00 
- 3 ? 6060379 (16Meq) Thinkpad 350, 350с PCIO-P, ' 
а 86 OR» Cail 2Ме] 10-РАВЗОДИ 14.00 
— S2f8501(2Meg) М4551. 8Meg — PCIO-PAE3IXU 44900 
| CYRIX DR 386 to 486 Upgrade COMPAG MEMORY MODUL 
‹ tO 400 Де J 3! ave "ОЛАРА û MEMORY MO 511 = i 
"le n eiie м ча —- TA TAPER 2 ы. { чы? І „=. m ! —- - "m > pre 
— am SIRE т ——— JOOK, LAPTOP MEMORY 
"ааш wlan eha MODEL АМТ. UPGRADED СМРО PART P BOOK, LAPTOP MEMORY 
Ns. n CX485 DRe'- 16/32 DeskPro 386/23, 386/331., 2Meg Modul 115144-001 109.00 = , 
= бошм ‚ 485/321. 116561-001 459.00 MODEL AMT. UPGRADED MANU. PART # PRICE 
А Compatihhe with industry standard S860X CPU pocket | for 3960Х-16тһ: 269.00 116568-0)1 1499.00 ALR Venture 4Meg 12407980 279 00 
Compalibis with DOS, Windows, YX, 05/2 1.3 amd 2.1 1165659-001 27900 AST Notebook Pram Exec AMeg 500814-003 199.00 | 
* Uses industry staeviand math chip CS486DRa*-2040 111131-001 79.00 3865Х/20/25/725\. 
* Easy to ineiaf}—aboul 15 minutes for 386DX-20mhr 3900 prd o Nem ese oae к Eo 
The Супа upgrade г t twice the $ pf hy ^ 3 
enm Т ОР 136-001 32900. АБТ Pawer Exeg 42551. ам 501166-001 239.00 
an-chip chaca you welt enjoy a performance boos! for 3860X-25 mhz 359.00 11 ме 1210 pH a. e pe Кы. би 10900 900 
af 100% and more. (deal for any DOS, Windows or DRY? 33/66 PLEASE 413644001: ° 149 ба, - Bune: B310 UM Кз D: 105.00 
05/2 application which requires a largë amount а! 411364540 1, 329.00!) Попе! 8310V io | 4 ees 109.00 
ШЕГӘ SOS O. отии. for $Х-25 upgrade CALL 4131212001 7517000 e Г Ow A WM oj 
веро $3139.001 ^ ^ "22900 fondwell H310V, ` A Meg ` 229.00 
er a ge Epson NB3 Мед 4808511 209.00 
qos 0 Everex Tempo LX, 1X20 2Meg РСА 00053-0001 109.00 
= ae € 115590-001 195 00 Everex Tempo Carrier 2ZMeg PWA 0884-A-)000 119.00 
omoi eret = == SONS JONS BONS 10005 3 ei - NEA Н Meg. tiles ҮЛ 1190021900 
x s е. = А LI LI 
Mea» 309 ENS —— ot Ee jp E йар 10807 1-001 99 00 NEC Prospeed 286, 3865X-16 1Мер PC21-21 79.00 
4Meg х я. El 165.00 15900 14900 19 108072-001 299.00 NEC Prospeed 285, 3865Х -7Е AMeg PC21-22 203,00 
16Meg x | 9 chip) - - 879.00 84900 -= ~ 108053-001 239.00 NEC Prospeed 386 2Меў РСЗ1-21 119.00 
Eriti ЖЕ, à 2 М» = 2 108070-001 43700 NEC Prospeed 386 BMeg PC31-22 399.00 
= — 38 113012-001 43.00 NEC Prospeed 386SX-20 1Meg PC43-21 79,00 
79 PIN SIMMS (EISA’ 14991 {-001 389.00 NEC Pr 3865X.20 аме) PC43-22 219.00 
| |ы SIMO CIA) 149949-001 E NEG Utraite 1120, POP, 25C 2мер РСА7-21 119.00 
AN a. d | Uttralite 11751 725С 7 | 
256 x 36 1Мер - - - 5900 — 149913-001 2999 00 NEC Ultraltz 50720, 20Р смео PA321 318.00 
S12 x 38 Раю - - чо 8100 - 0 550, SEEM : t49 4-001 . 7450000 Uirafite 1 . 7. Beg PCA7-23 399.00 
ELM E r1 ас анааан [8 E: No. lila NR 
OC w/o pal) = E سس ب‎ 44900 - Prolinea 486 4/255, hs d 458, to Fi 41633-001 КҮ Pannonie ЛО, С CT e470 bor Women — 
8 x 36 32Меу - 900 59900 aca Z Rl 41684001. 120900 Sanya 1718 NB © ^. 2Meg  MBC-NBMEM2 109. 
TEIL — - - EN UM E се | юр 77 00 Sharp 6781 6881, 0785 ^IMNMMQ.S 7s 10.00229 00 
"рур O E M- QD ET: 
ооз " MN 3 Ir A 
ams executed up to 3X faster + е0 y 
тигт; 2$ 00 EET ои со Prax 560 baMeg 139130-001 CALL ап pho. ш 219.00, 128500 | 
83587-335х - 89.09 PC Week" rated 41 over all math chips ТОЮМ 560 سے‎ eee CALL andy 4660, IBEX DX  — 4MegritMeg 2090099900 | 
5 Year Warranty ма Downward Compatible - =e - ч d Р 4 | 
Жыз.  ÓÀ€ n — Zeos 3855X Notebook 2Meg 109.00 
LET MEMOD Zenith Master Sport 3865X 2407 2A-300-1 114.00 
мә MMS s Zenith Master Sport SL, SLE 2А-4-4 114.00 
== йа a 1 TE/285 2Meg Bd 117081-002 99,00 Zenith Super Sport 268, 256E 1Meg ТА-180-66 99.00 
MODEL AMT. UPGRADED AST PART # LTE/256 4Meg Bd 117081-003 204.00 ?BGE, SX 2Meg 2А-180-64 179.00 
Advantage 12-286 4Мер Kil 5005 10-004 1TE/3865/20 4Meg Modula 121125-002 239 00 SX Alpha 2Meg ТА-180-86 179.00 
Brava 4 4 500987-002 LTE LITE/20, 25, 25C 4Meg Modula 129769-002 239.00 SX Beta 2Meg ZA-180-87 179.00 
Чыл шр A | gue we ee 
Premium 385/25. 16 SX 1Meg 50071B-001 Q0 {TE LITE 4/250, 4/23€, 433C 4Mey Module 142337-002 219 00 | 
Premum 386/33 Meg 200718-002 ю LE LITE 47236. 423€, ‚С e Module 142337-004 449 00 | 
386520, 486-25 25E 33 4Meg 500780-004 00 үм үе 110235-001 775.00 
Premium Tower, SOTE. вм 500780-001 0 Р А 110237-001 315.00 | 
Cupid Memory Board = IS) 500818-001 Ma Module 118304.001 109.00 „= : i : 
| ZENITH MEMORY МОГ UL . 4Meg e | bene "ma AMOUNT UPGRADED OK Bd 256k 3 2 335 4 5 6 з 15 32 
БЕЕН E x E Lm Кшт НЕ ЕНЕ 
1 - — -~ мт - = — — — 
EL — AMT. UPGRADED AST PART В PRICE Contuta 4/25, A/25C, A/2SCX AMeg 146520-001 209 00 gar р reed U- - - 128 2: 3 xb a QUEE 
2386/13, 25, 20, ЗЗЕ. ABE/2SE ines ZA3BDOMK 195.00 ЗМед 146521-001 39900 Epson Agim las ll - - 89 -Ob - – Сад ~- - ~ - 
Z3865X 2Meg 7-605-1 modus 319.00 00 Epson 8000 - - 69 -Ca - -a - - - + 
— Epson 1000, 1500 - = -C - -Ql -Ql - - = 
HP 2. 2D- - - -WW - -i - = - -= 
- HP3,3L3P.2P2P^ =  - -10 = -189 - - - = - 
288/3885Х-16, 3855-20. 4885Х-20 & 386-33 alf are 72PIN SIMM: MODEL PRICE | M тв iust >: +O. E` Ot 
1MEG.-5900 AMEG- 195.00 @MEG—42900 — 16MEB — 769,00 S-RAM Cards 1MEG 159.00 14, ала /14.400 Data/f ax HP 4L - = 59 —- u ا‎ — e= = =- ج‎ 
5-RAM Cards 2MEG 189 00 19. i = = b ЕЕ = 3 е 6 
ишш Саг) Pro (табе by Data UO) 9600/9600 Data Fax Modems 259 00 HP ASI И 69 - E - - - зн - - 
| Transters data from PCMCIA 2400/9600 Data/fax Modems 179.00 НР Desig 500, 5000, 550 — 59 - = = = >=> =- » =a œ = 
AR D 6 card to ee و‎ connects ари LI BN TA 218.00 HP Desig! OO, ТСР Е -Q = sion - – 0 = = 
ІВМ coin tibles loa parallel cori 299 00 | Visual Meda (CD Rom. Tape Dr) 27900 HP Paintjet XL 300 109 =>- = e = =% - ~4 907 - 
CA ATP ius Ea FLASH MEMORY 10М Laser 4019, 4019E — - — 169 E 
9 IBM Laser 4028 NESE s tA eos 
2.5Meg 299.00 Seg 419.00 10Мед 68900 15Meg CALL 20Meg CALL м taser 4039. 4079 - сз с 99 - -19 L la - - 
16 BIT MEMORY 80. FOR 286, 386 AT « 0K- Мер Bd. Bd. 4.0 LIM Compat. «New 5 M NO SUACIIANGE FOR MASTE L 'OIDERS ACCEPTED FROM FOR- NEC 90, 290 - = -H -------- 
Yr. Warr, Conven., Expnd. & Extnd. Memory « Supports DOS, 05/2, LIMEMS & | brace pilo al TI DOR Citra ол, 104 B 25 vanes le буте crm o ове NEC 95 ب ص‎ 00 - - - = = - - = 
EEMS * Versatile Split Memory Addressing * Operates w/CPU Speeds to 33 MHz» mt سے‎ ойын Семен wt pea к шү tasers we beer | 005 400 - o. - - - = - = = - 
| Supports Desqvew, Multitask operations * Bd. made by Boca Research, AT plus теа tp акддаи ды SONY AD AFTER SO DAYS - Oki 400 Е - “ee - = - =F > = = 
| OK - $89.00 2Meg - "us T EET - $441.00 | pea UPS Н ullo T ا س‎ - А рч 
- a — HÀ pe C, —— d RER PARI Yr » 0 - = = 124 = ج‎ 209 = - =~ = = 
/— — 9 r — I اق اسا س‎ Panasonsc 4410/4474) - — -1% - ~~ - = = = = 
e аруы} ко: m Lm 10. 21 Ер [NEN Af produ Band ew А guranteed + We buy сєз ess inventory Panasonic 4450 - -= A T eee ee = 
| OK-39900 їмїт Mis = 2219.01 "args gt ih tl sua ту: uS 6 Cl — ا‎ 
jaye E 0/50 Er-iri-iks EWE 5 те, Л a = an, | TE b 5 - 
о ы ! 39BIT. КРАНЫ! ION BD. i | Н.Р. COMP/ oT LEF ONT CARTRIDGE | 
| 0-32Meg, Ext -Expnd Memory BA и PS2 70,80. SO um 40 | a e came e > a — 
0Meg 2Meg 4Meg 8Meg 16Meg 32Meg BAR rp ae Reader Fonts... -39,00 
$17900 526800 537400 $550 00 i DESKJET ию tor Сал 500 & Plus. `92 Fonts. 4.5 pt-20 pt... . 99.06 
0 599 $3939 09 ной HIM 4019, 4UTSE, FONT CARTRIDGE 209 fonts, Turbo Card... 40500 


TURBO 25 Comparable 10 Pacific Data's 25 CARTRIDGES IN ONEN, 143 l 
Fonts {сот1рА!, with Epson Actron Laser Н and aif HP Printers except МР4 ) .... 79.00 


"S/2 MCA 0-BMEG EXPAN: KPANSION BD. — p= 


0-BMeg Extended and/or Expanded Memory for all IBM 


TURBOSCAIPT™ 47 Scalatyue Fonts ih Any Point Size (HP 2, 20 = $59} ......... 149.00 
TURBOSCRIPT"* 109, 109 Scalable Fonts to ы Point Sira سن‎ 2,20 - 18). 179.00 


P/S2 Models 50, 502. 60, 555X, &55X, 16 Bit, 4.0 LIM Compat. ТАХ & FINANCE FOR IBM 4019, 4013E. 4079... 
| 0K-119.00 2Meg—207.00 4Meq- 295.00 8Meg-471.00 TAX & FINAN - "-—- 
Ё | | 92895 аа Arenie. ` сн CA 90501 Ls уе рүүчү a 1 me emnes M 00 


310-539-0019 ESTAB. SORRY, Mon-Fri, 8:00 a.m. to 5:00 p.m. PST 


1 -80 0252373 72 1985 NO WILL CALLS Sat. 10:00 a.m. to 12:00 noon 


PRICES MAY FLUCTUA LATEST PRICING Е Ix J 
Circle 173 on Inquiry Card (RESELLERS: 174). 


FAX: 310-539-5844 
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Printer Port Connections Are 
The New Tools Of The Trade. 


nce you discover just how easy it is 10 
install a backpack CD-ROM drive to your 
` computer, you'll never be inconvenienced 
by conventional installation methods again. Just plug 
backpack into your computer and you're ready lo go. 
No interface cards, hardware conflicts or expansion 
slots required. Because of its unique printer port 
interface, backpack fils all IBM PC compatibles and 
portables regardless of CPU speed. In addition, a built- 
in audio circuit with both headphone and line output 


programs and view Kodak" Photo CDs too, with 
GD-ROM backpack. Compact and versatile, you can 
expect backpack to go wherever you 80, bringing with 
you the wealth of information GD-ROM storage makes 
possible. Printer pass-through is included. Tape drive, 
hard drive and diskette backpack drives are also avail- 
able. Gall today for ordering 

information @& 
and a dealer 
nearest 


jacks allows for connection of sound cards or Hi-Fi. you. 
You can run thousands of your favorite multimedia 
CD-ROM Drive 
MicroSolutions 
132 W. Lincoln Hwy. DeKalb, Illinois 60115 Telephone 815.756.3411 Fax 815.756.2928 Photo CD symbol 
Call Toll Free 800.295.1214 aie 


Circle 161 on Inquiry Card (RESELLERS: 162). 
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« 9" to 20" Diagonal Sizes 
* Monochrome or Color SYGA Monitor 
* Monitor Kit for Desktop Monitors Available 


ACKMOUNnT V/DOATU ч : —— €: 
*Full Travel Drawer Mounted 101 Keyboard = 
with Mouse Holder 
*Membrane 101 Keyboard 
"Keyboard Drawer for Full Size 101 Keyboard 


Y " at Pot On rere ET 
паш | - | 14 f 1¥ 


* Designed to provide continual AC Power Source 
* Zero System Down-time 


Appro International, Inc. is 
dedicated in providing our 
customers with top quality 
products, unsurpassed service 
and support at an extremely 
attractive price. With extensive 
experience in the rackmount 
industry, our representatives 
can offer a wide range of 
products to fit a variety of 
customers' needs. 
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• 286, 386, 486 ISA/EISA/VESA System 
„ 9" Monochrome or 10" VGA Color Monitor 
* 3 External and 2 Internal Drives 


APPIO 


INTERNATIONAL, INC. 


1 


Кї | r ou it 9 clos res 


» 20 Different Models 

* Designed for 8,12,14,20 Slot Board 

" Up to 8 Drive Bay & 600W Power Supply 
» Redundant Power Supply (Optional) 


n> . Designed for the 16 bit 32 bit VESA Local Bus 


* Upgradeable from 386DX to 486DX2 66MHz. 

* 1МВ to 64MB On-board Memory 

* ISA/EISA/VL Bus Backplane - 3 slot to 20 slots 
* Segmented Backplane (Optional) 


* Designed for 4 Full Height or 8 HH Drives 
* Up to 600W Power Supply (Two х 300W PS) 
* Redundant Power Supply (Optional) 


We provide a wide range of 
rackmount enclosures, 
monitors, keyboards, Single 
Board Computer (SBC), and 
backplanes. Whether your need 
Is to ruggedize a current system 
or acquire a completed 
rackmount system, APPRO has 
the solution. Call our 
representatives for more 
information on our rackmount 
products. 


3687 ENOCHS St. SANTA CLARA, CA. 95051 ° TEL. (408) 732-6091 * FAX (4DB) 732-6095 


Circle 166 on Inqulry Card. 


THE SIMPLE 
CONNECTION BEHIND 
COMPUTERS AND 
BACKPACK TAPE DRIVES. 


It’s fast. It’s small. It’s reliable. It’s incredibly compatible. 


Backpack is the best selling parallel port tape drive and IMbps transfer rate, Backpack is the smallest 
on the market. We'd like to tell you why. and fastest parallel port tape апуе you can buy. 
With Backpack, tape backup is quick and simple. Micro Solutions is dedicated to the perfection 
Just plug it into your printer port and it's ready to of backup technology. 

use. No hardware conflicts, no slots required, One CD-ROM, hard drive, and diskette Backpack 
model їй all IBM PCs, compatibles and portables, drives are also available. Call today for ordering 
regardless of CPU speed. information and a dealer nearest you. 

Backpack can store up to 250MB on a tape using 

daa compression, is completely CI CBÓ-carmpatiele, Telephone 815.756.3411 FAX 815.756.2928 
and reads QIC40 tapes. With its compact size Micro Solutions 132 west Lincoln Highway DeKalb, IL 60115 


Call toll free: 800-295-1214 


Circle 163 on Inquiry Card (RESELLERS: 164). 
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Circle 156 on Inquiry Card (RESELLERS: 157). 
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CREATIVE LABS — 


Award-winning speed Tm Y 
high resolution and true colo 


For Laptop and Notebook Systems. 


These VRAM-bosed boards for ISA AND VL. Е, eS 
support vltro-high refresh rates making ext ^r Deto/Fox with XJAQU _ 
sessions more oe Wodan .................. нот — 
Graphite ISA IMB .. —ETLU, 24/9600bps FAX/Modem ... „ШЕ... $209 
Grophite V IMB __ = _ $99 internal Dota/Fax w/MNP- 5, ү. 477%. 42bis 
Fast DOS - Fast Windows - - Rens Everything! M Abg FAL Modes ..... —— à 
For ISA and Yl-bus computers. Screaming fost Windows | 14/96006 EUM —. ——— 5909 
perlormonce ond complete c ity » with oll £14000 24/1 00b FAL Modem . .— — — — . $109 
drivers. 1MB, eens: or 2MB DRAM modek. Pocket Modems for слу serial port 
14,4005 FAK/Modem SNP 


yack WW s _ 859 


- Sli 9796006 FAL/Modem ee $298 


—4* VIDEO CARDS 


CREATIVE 


CREATIVE LAB, in C. 
Give your PC awesome audio power with Sound 
Blaster" Pro Deluxe, the best selling stereo sound 
solution. Features professional, high quality stereo 
sound ond over S500 of software. 
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800-240-9866 


FAX/MODEMS 


ИШСЕН. D0, 2ИЙт ees | | MON ITO RS 


WE SET THE STANDARD: 


100% COMPATIBLE IN FORM, FIT, AND FUNCTION 
ALL PRODUCTS USER INSTALLABLE 
INSTALLATION INSTRUCTIONS INCLUDED 
TOLL-FREE TECHNICAL SUPPORT 
THOUSANDS OF ITEMS IN STOCK 
MANUFACTURER'S WARRANTIES 
CORPORATE PO'S, APO/FPO'S WELCOME 
GOVERNMENT AND EDUCATIONAL PRICING 
INTERNATIONAL ORDERS WELCOME 
SPECIAL VOLUME PRIONG 

SAME DAY SHIPPING 

OVERNIGHT DELIVERY AVAILABLE 

NO SURCHARGE ON CREDIT CARDS 


DONT SETTLE FOR LESS! 


M MEMORY UPGRADES -i 
FOR OVER 1780 

, COMPUTERS AND 

& PRINTERS گے‎ 


RADE NOT ' 
800-240-9866 


714-448-7750 


714-448-7760 


Business hours: 
Monday - Friday, 8am-5pm, P.S.T. 
Saturday, 9am-3pm, ORDERS ONLY 


Mail or fax orders to: 
First Source International, Inc. 
7 Journey 
Aliso Viejo, CA 92656 
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Recognized as the two best 
PC-diagnostic tools on the market. 


NOW AVAILABLE IN ONE GREAT PACKAGE... 


СПОСО 


ттт стт Ы IST EVER UNIVERSAL POST CARD FOR ALL РС! 
Fully operating system independent The only Power-On Self-Test card 
diagnostic software. you need to debug any “dead” PC! 


UPGRADE Recently named as PC Upgrade SERVICE NEWS Named as Product of the Month 


uana Magazine's Utility of the Month. PRODUCT OF THE. in the July issue of Service News. 
FULLY OPERATING SYSTEM INDEPENDENT, е his is the only card that will function in every system on the 
BIOS INDEPENDENT, AND CMOS INDEPENDENT. market. The documentation is extensive, and not only covers 


the expected POST Codes for different BIOS versions, but also 

includes a detailed reference to the bus signals monitored by 

the card." — Scott Mueller from his globally recognized book, 
‘Upgrading & Repairing PCs, Second Edition’ 


MICRO-SCOPE Universal Computer Diagnostics was developed to 
satisfy the expanding need for accurate system diagnosis in the rapidly 
growing desktop computer market. 


CACHE MEMORY - "Micro-Scope" Ver. 5.0 
now fully tests cache memory and the cache 
controller subsystem. 

LOW LEVEL FORMAT - Ability to do 
factory style initialization of all IDE drives, 
together with the ability to do factory style low 
level formatting on all drives, including MFM, 
RLL, ESDI, SCSI, and all IDE drives. 

O/S, BIOS and CMOS INDEPENDENT - 
Does not rely on O/S for diagnostics. Talks to 
PC on a hardware level regardless of the O/S, 
BIOS or CMOS setting. 

TRUE HARDWARE DIAGNOSTICS - 
Accurate testing of CPU, IRQs, DMA, memory, 
hard drive, floppy drive, video cards, etc. 

DISPLAY DRIVE TYPE ~ Reads and dis- 
plays the actual drive parameters for any drive 
type automatically. 

CPU DETERMINATION - This capability is 
necessary for accurate system diagnosis on 


Includes pads for voltmeter to attach 
for actual voltage testing under load. 

4 LEDs monitor +5vdc -5vdc 
*12vdc -12vdc. 

Monitors Hi & Lo clock and OSC 
cycles to distinguish between clock chip 
or crystal failure. 

Monitors I/O Write and I/O Read 
to distinguish between write and 
read errors. 

Monitors memory write/read to 
distinguish between address line 
failures and memory chip failures. 

Monitors ALE for proper CPU/DMA 
operation. 

Monitors Reset to determine if reset is 
occurring during POST, indicating short. 
@ Monitors progress of POST without 
POST codes. 


386SX, 386DX, 486DX and 387 and 487 chip oer AEN rs 
implementations. Because each of these specific ISA/EISA/MCA | 
chips has its own unique instruction set, and ! Compatible with Micro Channel 
therefore cannot be accurately diagnosed with computers 
any program which cannot recognize these differences! Dip switch allows easy selection of I/O ports to m 

MEMORY TEST - "Micro-Scope" 5.0 has no limitations as to the size of Includes tri-state LOGIC PROBE to determine actual chip failures. 
memory И can accurately test. Micro-Scope now also tests up to 2 meg of video Manual includes chip layouts and detailed POST procedures for all 
memory! 


MEMORY EXAMINE - Displays any physical bit of memory. Very useful for шу c 


ero boue. ДЕ ee анды a This is the perfect package for all repair 


BATCH CONTROL — All tests, even destructive, may be selected for testing. technicians and self-maintainers. 
ERROR LOGGING - Automatically inputs errors during testing to an error log. 


AUTOMAPPING — Automatically bad sector maps errors found on hard disks. Call MICRO 2000, Inc. for volume 
IRQ DISPLAY — Show bits enabled in IRQ chip for finding cards that are 


softs ten’ Weto én’ discounts and after sales service! 
IRQ CHECK ~ Talks directly to hardware and shows I/O address and IRQ of 

devices that respond. 8 00-8 64 -§ 008 : 
SECTOR EDITOR - Allows the editing of any sector of floppy or hard disk 1100 E. Broadway, Suite 301 

media (even track 0). Glendale, California 91205 


AND MUCH MORE... We don't have enough space here for everything this 818-547-0125 • Fax 818-547-0397 


software can do! 


* AUSTRALIA — MICRO 2000 Australia, P.O. Box 1777, Wollongong, NSW 2500. Tel: (042) 564446. Circle 168 on Inquiry Card. 
e UK — MICRO 2000 Europe, P.O. Box 2000, Latchworth, Herts, 5661 TG., England. Tel: +44 462 483483, Fax: +44 462 481484. 
• CANADA - Business Data Systems, 169 Burnside Drive, London, Ontario, Canada NSW 5V5. Tel: (416) 777-2479 Fax: (519) 249-5420. 


WE DARE YOU TO COMPARE ! 


T n E 50 U С E ES 
| GO DOWN - CALL © 

! F FOR CURRENT 

| : | PRICES 

F 30 DAY MONEY BACK 

GUARANTEE! 

| CUSTOMIZED SOLUTIONS! 

| | em SELECTIONS! 
t | | Ө ouri TECH SUPPORT! 

SEAGATE "21? Е ‘SYR WARRANTY 


STORAGE SOLUTIONS 1 


MICROPOLIS SYR WARRANTY 


We can custom а re any subsystem go ш M. 3 PRICE 
from 100МВ to 10068 — Call for prices 2205 T T Y оп 
OR ANY COMPUTER x oru oR ую 
مط ی‎ m7 7% — 35 10 510 
1926 20 т H5 $1413 
YSTEM ON nu x т " sm 
IDE 

Aom 22054 560 35 10 (АЦ 
OPERATING SYSTEM m m Бон i 
| е т 00 35 10 sno 

AUDIO VIDEO 
S*A°G expert technicians and 1101 — 0050 35 Юю su 
knowledgeable sales personnel 3.5" DISK SUBSYSTEMS 221701 1750 35 10 51158 


have been providing hard drives i FUJITSU SYR WARRANTY 

and storage systems to the interna- Pi 10 n" ^ ME SE EEK РЕ 

tional computer service industry " n 

since 1987. r Т M2644 520 35 12 553 

We have been satisfying Һе tech- 2 16 (uy MN 1000 15 p тш 

| 1 о (ш M56 00 н П $130 

nical demands and needs of people E lá "nS 

who replace and upgrade computer k 12 M2624 


systems for major corporations 
worldwide. 


PRODUCT: We carry a full line Wee з ий жш РМ 


SYR WARRANTY 


of all storage products. Call for any | : 1050 95 SW 
roduct. MICROPOLIS RAIDION Ww S C a 
PRICE: Volume discounts avail- UP TO 93 GB id 4 3 r ; 48 zu iL. E JA a 
able. Call for current prices. RAID solutions for OS/2, NOVELL, UIS 50 35 85 $ 5983 DSP) 21 45 0 SIS 
TECH SUPPORT: Toll-free UNIX, and Macintosh IDE кш se т ns 520 
Mon — Fri 9AM – 6 PM EST > Г К з 1 05500. $ 2483 
И ا ا‎ We س‎ реч д al Д D : X TT rm T 
gee оеша 40) 35 65 $5 e 486 0X2 — 66 MHZ VL, ESA 


shipping the same day. 


PAYMENT: VISA, Master Card, fi = ы leri kin, 
Corporate, Government and Educa- B .-1 Ca M 
tional purchase orders are welcome. ү zum 170 ‚ш зной 
No surcharge for VISA, MC, or CODs. | Five 525; o 3.5" 
REMOVABLE DISK SUBSYSTEMS mis 5 35 ш 597 
Fr y © One EISÀ SCS! 2 contreller 
AJ | P0180 $1163 Ern ecd 
WESTERN Tm 2YR WARRANTY ы CALL FOR CUSTOM 
m == | CONFIGURATION 54725 
ELECTRONICS m 
| : Wol210 20 1" M $ 199 TYPE —?$ (3B SE SR Е 
m | WI MM r M 62% 
1-800-989-3475 mst | ieee s = 
wo2420 $%5 DAMME sso 568 вин 52130 
867 TURNPIKE, NORTH ANDOVER, МА 01845 | € | CD-ROM CHINON E xm 3 M Kw 
PHONE (508) 682-0055 FAX (508) 689-0180 » 2 (0552 Юз 28005 5 367 WANG 3700 468 DAI $1080 
е ا‎ COLORADO DIO 12008  (QK 100 
OFFICES: MASSACHUSETTS & PENNSYLVANIA owen сувсүстЕм<—в FUIL HEIGHT MACINTOSH SPECIALS оН" 
Returns moy be subject to restocking fee. RMAF must be acquired OR 16 3.5" DRIVE SOLUTION Call immediotely for cost sovings on all MAC drives — COLORADO JT-20 — 25048 FPO 5 340 


Circle 181 on inquiry Card. 


* [3 Second Installation, qus s into printer port. 
Inexpensive, costs less (han a high resolution scanner. 


(ost Effective, bypass film development: 
*Supporis Most Major Graphics Output Formats, 
ШЕТ, ТОЛ, PUN, DAL & JPeg. 
"plo 16 Million Color Resolution. 
[ив Manual ШЇ 

| үй an! 


Military& Real Estate & Desktop 
Government Insurance Construction Medical Publishing 


ы owe 


— 
ч 


سے 
e" è vts ) pem Catear‏ 
EL 2-я 1 i " z‏ 

Le — = 


| ANISAD 1-800-951-1113 (602) 578-3780 


FAX (602) 578-0719 Hours Mon-Fri 8am to 8pm, Sat 11am to ‘aie 4" Se Habla Espanol 
Terms & Conditions: Freight charges are additional and non-refundable. Р | TPR TH! И 

А RMA number is required for all returns. All non-defective returns, و‎ | | 
unopened, refused, or cancelled orders, will be subject to a 20% restocking 

fee. No refunds on software. Price and availibility кес to change without 

notice. Purchase pice at the time of order are final. Trademarks and registered 

trademarks are of their pC companies. 


Circle 277 on Inquiry Card. 


As a BYTE reader, you have a reputation for being an 
informed decision maker. You're one of the experts, 
directing the buying decisions of the most 
current products and emerging technologies. 


A 


You're the Early Product Adopter, 
with a window to today's 
complex computer environment. 


A 


By using the toll-free numbers in this issue, 
you're just a phone call away from reaching the 
leading suppliers and manufacturers of 
the products you're looking for. 


A 


Let Them Know 
Who They re 
Dealing With 


Tell them you saw it in 


BYTE 


бАМВ 72-PIN \ 2 A Ў 256K Х 36 - IMB 
16MB X 36 FOR: SY 512K X 36 - 2MB 


1MB X 36 - 4MB 
ALR EVOLUTION VQ $ 2995.00 OMB X 36 - 8MB 


ACER POWER 486E $ 2995.00 4MB X 36 - 16MB 
8MB X 36 - 32MB 
AIR 486 EISA-VL BUS $ 2995.00 16MB X 36 - 64MB 


AMI ENTERPRISE IV $ 2995.00 


PCMCIA 
SRAM2MB | 
$179.00 * 


MEMORY UPGRADE FOR | 


ONE OF THE MOST POPULAR LASER PRINTERS 


| | ТНЕ د‎ uc ONLY 399.00, 


а= —_ = | 


| 


The Ultimate Combo: 
* Voice Maiil 


* Fax Mail Box o : ET 

* Data Modem CALL 

* Digital Answering Machine AMB X 9 $ CALL 

.. and more 4MB X 8 $ CALL 

3 16MB X Є 
Feature to feature, this is the Home-office 9 $ CALL 
machine of the 90's. Only $199.00 | 16MB X 8 $ CALL 
(PLEAS CALL FOR YOUR FREE BROCHURE) | CPLEASE CALL FOR e SIPPS> | 


EE, 


OTHER MEMORIES AVAILABLE FOR: 
ACER, ALTIMA, APPLE, AST, CHAPLET. COMPAQ, DELL, EPSON, EVEREX. HP, LEADING EDGE, IBM, NEC. NCR, OKIDAIA, PACKARD-BELL, 
PANASONIC, PHILIP, SAMPO, SHARP, SILLCON GRAPHICS, SUN MICROSYSTEMS, TANDON. TI, TOSHIBA. TULIP AND ZENITH. 


CALL FOR UPDATED LOW PRICES AND NEW PRODUCTS 
Office Hours: Mon.-Fri. 9am to 5:30pm pst 


C oon TERMS: C.O.D. CASH, VISA OR MASTERCARD. COMPANY AND 


-— UNIVERSITY P.O.'S ACCEPTED UPON CREDIT APPROVAL. 


TEL. (818)855-5688 FAX (818)855-5687 
414 CLOVERLEAF DR., UNIT B, BALDWIN PARK, CA 91706 


ALL PRODUCT NAMES. TRADEMARKS AND REGISTERED TRADEMARKS ARE THE PROPERTY OF THEIR REPSECTIVE COMPANIES. 


ШЕЕ 


TFT Active Matrix Color 
640 x 480 256 colors 


STN Passive Matrix Color 
: 640 x 480 256 colors 


Monochrome Backlit VGA 
. 640 x 480 32-grey scale 


Intel 486 SX/DX/DX2 CPU 


80M-340M Hard Disk 


Built-in 15mm Trackball 
4MB, 8MB, 20MB Memory 


1.44MB Disk Drive 


= 


2x PCMCIA 2.0 Slots 
2-hour Ni-Cad Battery 


Need the fastest Windows performer? | 
High Performance | Intemational НОР. Model 65681M 


“If you need a notebook with processing power for massive spreadsheets and databases, to perform 
gray-scale imaging, or for other demanding tasks, the HCP 65681M is for you. It ran our Windows per- 
formance test twice as fast as the Compaq LTE lite 4/25E,...In fact, this was the fastest monochrome 
notebook in our entire test sample. The HCP 65681M's monochrome screen quality is the best we saw 
from passive-matrix monochrome displays. . . and an excellent keyboard.” 


October 1993 BYTE/NSTL LAB REPORT 


|| 


| 
MICRO-INTERNATIONAL, INC. 10850 Seaboard Loop, Houston, Texas 77099 
National Sales:(800) 967-5667*Local Sales:(713) 495-9096*FA X:(713) 495-7791 


$2740 for a monochrome 4862/66M system with MS-DOS 6.0, Windows 3.1, 8MB RAM, and 250MB hard disk. 
Prices for other configurations are available upon request. 


Office hours Monday-Friday 8:00—6:00 ° Saturday 10:00—1:00 • Sunday-Closed 


Circle 169 on inquiry Card. 


D UE Кааба." Ir 


Everyone 


makes claims. 


When the industry wants 
product testing taken to the nth 
degree, they take it to NSTL. 

In every field, one name sets the 
standard. In microcomputer testing, 
the name is NSTL, the leading 
independent testing lab. 

The NSTL compatibility certification 
seal on a product says that it withstood 
the toughest lab in the industry — and 
it's ready for your business. 

The seal saves you a lot of comparison 
and guesswork. It says you'll find the 
product compatible with a wide range 
of business applications and hardware. 

It helps you make the right choice. 


Real-world testing for real- 
world use. 

Beyond compatibility testing, we 
access nearly every conceivable 


problem — from engineering-level 
hardware bugs to the everyday usability 
of business software. 

And we test with the end-user in 
mind, in a real-world environment, just 
{һе way your staff uses equipment. 
Except our trials are more punishing. 


Our publications, and others 
that publish our work. 

In a separate facility we also do 
comparison testing for our own 
Ratings Reports: Software Digest®, PC 
Digest® and LAN Reporter®. They're 
read by people who purchase an 
average of more than $500,000 in 
microcomputer hardware and 
software annually. 

And because of the respect we've 
earned, some of the industry's leading 
publications, like Data Communications, 


We make sure. 


LAN Times, Unix World and Datapro 
Research Group publish our test results. 


Look for the NSTL seal and 
be sure. 

Experts rely on the NSTL name: 
now you can, too. The final test of a 
product is its compatibility in a 
business environment. The NSTL mark 
tells you it's already met that test. Look 
for it when you compare products. 


NSTL 


Plymouth Corporate Center 

Box 1000, Plymouth Meeting, PA 19462 
215-941-9600 

Micro Channei™ and OS/2™ are trademarks of the IBM Corporation. 


| For 0.5. апа Canadian Orders only 


| 
| 
| 
g 
| 


вона 
12032 
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240MB 
540mB 


PANTHER [FH] РО? 25 1000448 
PANTHER [FW] Р117 ..... 1960958 


FUJITSU 


262JA/$ (3 57 
2524A/$ (3 3" 
26945 () 5") 


$21 
420048 
SONS 


1548 FH s. 17488 
1926 (Ен ................ 210098 


For 286 ond 386 ~ н 
hardware for up to 
wing 18 SIMMS webroot 16 be expoervon 


PRICES 
REDUCED 


HK 325  2Wl $29 
TXK 35 JRK $4 
1248 325 1/2нт 458 
гама if 1/20 50 
525 MOUNTING 55 


POR 3 5* DENTS 


вм ре АД реа, з 30. 720K 144112 

6 Ба 1 Hord Drewes ААА 

аы 1 Hord Deve АЦ. . $69 
1684 Hard ond Floppy ! 1 ГЩ 534 
SCSI OTC 3280 (S.pports 7 dnan) 4139 
з جلد‎ 17424 32 ЫТ Esa $418 
sco Adoptee 2842 S (VL) 1349 
сы Ala 1542 CF Bus Mastering $219 
ESO D1C4282-24 . $14? 
сЕ Hard ond $19 
Cobie Hard Deve ‚59 
Cables Hard ond Floppy — $14 
SS?  ULTRATMF, ISA. BUSMASTER $179 
SCS-Z ULTRADAF, VESA Û 32 Be 3224 
СЕ {АТЁ д1 5С, W/CACHE 0-845 $178 
DEYI HARD & FLOPPY [VEB) $69 


WE PROSECUTE 
CREDIT CARD FRAUD 


HOURS: M-F 7AM-GPM / SAT LOAM-3PM PST 
TECHNICAL & CUSTOMER SERVICE CALL: 


(702) 294-0204 


PURCHASE ORDERS & INTERNATIONAL ORDERS 
FAX TO: (702) 294-1168 


WE BUY EXCESS INVENTORY 
iam ' ban 


1 m 


A ای‎ 
hos EMS. Up to BM 
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2MEG-$198 4MEG-$308 "ÉMEG-$538 


NEVADA 


COMPUTER. 


8008 CPU 101 KETBOARD, 360K FLOPPY, 600K 
RAM, DESKTOP CASE W/ PONWER SUPPLY, 
SERIA Д PARALLEL PORTS, CGA CARD & 


P51 / Марак or if on soltero 
9600/2400 Laptops & Nolsbocla 


“PARTE 


in Ву! 


selection, quolity, low prices anc customer 


ler Shopper, PC Computing, Windows Magazine and 


The Team You Can Count On! 


3860X Upgrade 
B04865 C-25 $123 SOMBIE 25 $118 
B04BASC 33 4158 BO4SAXC 73 5159 


КЫыЗдАС 4) $199 
8X/NOW 286 CPU UPGRADE 


25 (SX) $159 Jw (STP 
BLC/NOW!I 485 CPU 
2397 (SQ $219 SOTINA $399 


486/NOWT 406 CPU UPGRADE 
TIMHZ {Dx} $579 
E 


$259 


SIMHZ (DX) $959 Ana ADD 8579 
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7th Anniversary Customer Appreciation Sale Б 
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MODEL PRICE PAKE ] 
AMBRA Enerprse 182. Horda 385, i 
Sprint 384 (01 mode's} ‚ 2M M/A $119 Deskpro 364/15 о _ TA 108069-00! $238 Brother Ht 10V/DV 4164S .......... $264 
ВМВ —. N/A $409 IME  !08067W71 $448 Conon ВРА, 4 Le & de .. $148 . $214 | 
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48 — PANJITU 5224 ' І à; "P TN XH ч 
po EMEN 298 Ра20060 $na  TMÉGXI $195 $450 $525 $445 $475 ADVANTAGE 44/25: 19 500 BHO [ 
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T4400 SX, SKC, T4400 SXC, DXC ..... 2MB — PAZ001U J 
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e — PA2ODSU 
laê — PAZOIQU D 
328 j 
14500, 14400, Т1900С 3.3V0UTS........ 4MB PAZOIZU SPIE | 
d а ATES SHARP PC-GBOO/ 6841 ) ] 
ТАШ... repere UU 24B — PABXONU | 
T$200/15200C/18500 ... „__ 258 — PABSOMU 
gma — PAB3!JU == - 
TERMS: SHIPPING: UPS (Min. $8.25) Shipping charges CONDITIONS: 25% Restocking Fee on refunds within 30 ا‎ 
оге non refundable. Purchase orders from Universities, days. Norefundi or exchanges alter 30 doya -WARRANTY | 
Fortune 2000 & Government Agencia, NET JO on approv: REPLACEMENT ONLY. ALL PRICES FINAL PRICES SUBJECT Д 
сі. СОО add $5.00 (Cashiers check) x ТО CHANGE. Mig, port #'s for convenience only. ] 
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ЕП DHL 


SEN | zi LJ 


387, 287, SX, are trodemorks of Inte! Sep. 


— Ac د‎ | 


"Circle 159 on Inquiry Card. 


Notebooks 
Thinkpad 7506 486SL/33 4/170MB 


Thinkpad 750C 48551/33 4/340MB ............................ CALL | 


Thinkpad 750Cs 486SL/33 4/170MB 


Thinkpad 750С5 486 SL/ 4/340МВ ..............................., CALL 
Thinkpad 750 486SL/33 4/170MB ............................... oo 


Thinkpad 720C 4/160MB .. 
Thinkpad 720 4/160MB 


Thinkpad 350 486SL/25 ae 


Thinkpad 350 486SL/25 4/250MB 
Thinkpad 350C 4865L/25 4/120MB 
Thinkpad 350C 486SL/25 4/250MB 
Thinkpad 500 486SLC2/50 4/80MB 
Thinkpad 500 486SLC/50 4/170MB 
PS/ ValuePolnt Local Bus systems 
6381 EV2 486SX/25 4/120MB 
6381 EV3 4865Х/25 4/212MB 
6381 EV8 4860/33 4/120MB 
6381 EV9 4860/33 4/212MB 
6382 F50 4865Х/25 4/245MB 
6382 K30 486SX/33 4/120MB 


5382 M50 486DX/33 4/245MB 
6384 F30 486SX/25 4/120MB 
6384 F50 4865X/25 4/245MB 


6384 M30 486DX/33 4/245МВ........................................ 


6384 M70 486DX/33 4/340MB 


6384 W50 486DX2//66 4/245MB .................................... 2150 
6384 W70 486DX2//66 4/340МВ ........................ 


6387 M70 4860X/33 4/340MB 
6387 M90 4860Х2//66 4/527MB 


2676 
All models Include local bus graphics, DOS + Windows + 
mouse. Also upgradable upto Pentium. All PS/2 models are 
also available. Call for prices, 


Pentium Models (New Release} 


anand 


"еөз 


6384 model 189 P60/D 16/424MB......... 


6384 model 189 {60/0 16/5274MB 


Netware 3.12 
5 users 


bÉpaencanhsbhnpnOSTOSP 
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пата нев паьвовеонавася 


NN NOVELL SPECIALS 


All Protinea systems are Local Bus 
Prolinea 4/255, 4/120 MB Win................................... SPECIAL 
ProLinea 4/255, 4/120MB/240 MB Winde............. 1189/1357 
н. CALL Prolinea 4/33, 4/120 MB Үйп,......................................1542 
ProLinea 450, 4/240 MB ҮЛП+......................................... 1966 
Prolinea 4/66, 4/240 MB \Їп+......................................... 2153 
Kc idi itm DESKPRO 4/22, 4/340 MB Мп... 2978 
ange TOSHIBA DESKPRO 4/S0M. 8240 MB Win 2432 
Т1900 486SX/A 4/120МВ/200МВ DESKPRO 4/56M, 8/240 MB Үйп..................................... 3157 
T1900C 486SX/A 4/120MB/200MB Concentro 4/25 4/120 MB/250MB......................- 2450/2850 
T4600 4865X/33 4/120MB/200MB Concantro 4/32 4/250 MB........... 2910 
Ne cin iy 4/200M8/340M8 Contura Notebook 4/25 4/120 Win... 1902 
Contura Notebook 4/25 color, 4/120 Win ....................... 2575 
T1950CS 4860Х2/40 4/120МВ/200МВ.................. LTE Lite 425E, 4/120 MB/209 МВ....................... special CALL 
T1950CT 4860X2/40 4.120MB/200MB LTE Lite 4/25C, 4/120 MB/209 MB Үйп........................ CALL 
T1950CT 4860X2/340 LTE Lite 4330, 4/120 MB/ 209 MB Win........................ CALL 
Call for new low prices NEW RELEASES 
Prolinea Mini Tower Series 
TEXAS "ELI ss SPECIALS Prolinea 486/33X 4/270 MB/370MB................ CALL 
Prolinea 485/335 CDS 4/340MB ............. пре CALL 
Т4000Е DX2/50 4/200MB (active союг)..................................... 3009 | تا‎ OD OMIM seen 
E yi DE cy To. TS ا‎ Prolinea DX2/66 4/340МВ/525МВ 5. Hur — CALL 
EI SERE Prolinea DX2/66 CDS 4/240MB............... 4 4.. tit... CALL 
NEC (ultraversa active color) Deskpro XE Series tL: 
Versa 486SL/25C 4/120MB/180MB .................................. 3730/3965 | Deskpro XE 485/335 4/170MB | 59 NU 
мы — ien E 4220 | Deskpro XE TT енен CALL 
Bwile r Deskpro ХЕ DX2/50 CDS 4/170МВ................................ CALL 
Omnibook 300 2/40MB ÉAetoRAAPé44040894295448424094DA0OBRPÓAUGGTÓUSÓQP &ARSAOREOSOBAÀ STA" = 1599 Deskpro ХЕ DX2/65 4/270MB/525MB CALL 
Omnibook 300 2/1 OMB ESCSESSRDCREESE DOES DESEO PSHE OED EDEH PETE PROSE лаве ереевровчатавь 1 799 Deskpro Series (Pentium modais) шиит" i. 
AST (active color) Deskpro XE 5/80 8/270МВ/525М8 CALL 
Bravo NB 485/25 4/170MB Sastévt $699 )4486004va€pufóf$gqdQq)npÓsoN»s*batébohe best ofler Deskpro ESSM &/270MB/525MB CALL 
Power Exec 486/33 4/200MB.......... stent: hest ofler | гел XE DX2/66 8/525МВМВ...................СМ 
MultiMedia Servers 
Creative Lab Edutainment Kit CD (Upgrade kit) .................. call ie | lips ER CALL 
БОШ Вїавїшг......................................... (cail fornew modele) | СИНЕ ИШМИ Prost п, 
cE 335 | Proliani 2000 DX2/66 model 1 .................—.—.. САП 
got for VEBÜUNS ....................................››.›5-›. Wine=PFS: Works/Windows, two floppy drives, DOS, Windows, 
Pro Audio MultiMedia System 1!........................................ «899 | mouse, Modem, Prodigy 
Fusion Double CD 16 int/ext................................................ FAI 1 ‘dale i ; 
Netware 4.01 Pro Audio Spectrum 16......................................... ee ا‎ eee 


nee 


WE ADAPTEC 
. BOCA 
STOCK: — catcomp 


Hard Disks 
Conner 
120/250MB 
340/540MB 


230/249 
330/475 


169/245 
310/575 
special 


I1, 1 -——— m call 


MODEMS 
24/9600 FAX 
24/9600 FAX 
Satisfaxion 400/200 
14.4 FAX PCMCIA 


Please call for new discounts 


Corporate Accounts 
Volume Discounts 
And 
Consultant Orders 
Welcome 


280 BYTE JANUARY 1993 


20/77/4442 


тЫ 


Hee ReeEPOeresteosesons 


9999094» 99990954952809€ 


NEC СОВ 84-1(Inty СОВ 74-1(EXl).....................—.— 452/540 
Sony CDU 535/540/31-А................................... 275/345/189 
NEC CDR 38 Ропаһ®........................................................ 350 


HP NETSERVER LM 5/60 MD 


Network 


Accessories 
NE1000 8 bit COAX 
NE2000 16 bit COAX 
8 bit/16 bit COAX 
EtherExpress 16C 
4 port/8port HUB 
Arcnet 8 bit/16 bit 
Arcnet 4/8 port HUB 


MANAGER 
SPECIALS 


NEC 3FGe/4FGe 
NEC 5FG3/5GP 1120/1399 
NEC 6FG/6FGP 2320/2420 
IBM Motherboard SLC/66 ......295 
IBM Motherboard SLC/50 

IBM Motherboard SLC/75 

VLB Controller/IDE 

VLB Graphics Card 1MB 

1.44MB Floppy Drive 

1.2MB Floppy Drive 

NEC 3XI int/ext 

(tripple speed CD ROM drive) 
Canon Notejet spacial 
486/33 Processor 4/120MB HD 
wibuilt-in bubblejet printer 
HP Laserjet IVP 

Viewsonic 20 20° 

NEG OP ET sects 
PageMaker 4.0 (special offer)... 


Tape Back-Up 
Drives 


Colorado 

Jumbo 120/250 Int 
Trakker 120/250 Ext 
Syquest 

88 meg kit Int/Ext 
Mountain 

FS 1200 Plus InUExt ....1597/1799 
Powertape 2GB Int/Ext....934/1076 
Wangtek 

Wangtek 525МВ 

Wangtek 4GB 


620/720 159/185 


306/359 


59/69 525/825 


160/215 


GRAPHICS CARDS 
& CONTROLLER 


Adaptec 32bit IBSA 

Adaptec 15426 kit 

Adaptec 2842 VLB kit 

Adaptec 16 Bit ISA 

Orchid IDE/VLB controller 

Diamond Stealth 24 

Diamond Viper VLB 2MB 

ATI Ultra Pro EISA 2MB 

ATI Ultra Pro 2MB ISA 

ATI Wonder 1MB/512G...124/110 

ATI Ultra Pro 2MB !SAVEISA...call 
call far others, like Маігох, Nina, 
Uitra stor, we carry all products 


320 
we carry all software packages 


Computerlane.. 


Outside California: 1-800-526-3482 
Inside California: 818-884-8644 • FAX: 818-884-8253 


7500 Topanga Canyon Boulevard, Canoga Park, CA 91303 
Hours: Monday - Friday 9 -6, Saturday 10-5 


HP, AST & ALR 


LI 


ALR EVOLUTION V 5.60 MOL 1.........................................›. 


RES Toshiba ТХМ 3401 int/ext.......................... EA AST PREMIUM SE P/60 MDL 1 
M —S call tor Panasonic, Mitsumi, Philips prices call for other models with larger hard drives 
CITIZEN EPSON MOUNTAIN TEXAS 
INTEL HAYES KINGSTON таа INSTRUMENTS 
CREATIVE LABS MAYNARD LOGITECH MEGAHERTZ 


599/415 
Scan Jet HCXAIC ...915/1310 
HP 4L/4ML 670/1080 
Epson LQ870/1170..465/620 
Epson DFX 5000 
Epson DFX 8000 
Epson Laser 1500 
Epson Laser 1000 
Epson Stylus 600 
OKI ML320/321 


Panasonic 4430 

Canon BJ 10EX/200.250/310 
Canon BJ 820 

Kodak DICONIX 1605]... 
Citizen PN48 


call for new low prices 


Compaq is a Registered Trademark of 
Compaq. (ВМ is a Registrered 
Trademark of International Business 
Machines. 

ALL QUOTED aie REFLECT A 
5% CASH DISCOUNT 
Visa, MasterCard and American Express 
also accepted 


Prices subject to change without natica. 


Circle 153 on Inquiry Card. 


RECORTEC's Rack Mount PC 
compatible computers, monitors, 
keyboards and printer continue 
the tradition of manufacturing 
excellence RECORTEC started in 
1969. With our broad product 
line, fast delivery, excellent pre 
and post sale service, it's no 
wonder more and more people 
"leave it to us to rack things ир". 


P 14.4.4 RSD 11-40 EO um 


SOLUTIONS 

Choose from many modeis which 
offer a wide range of solutions for a 
variety of rack mount needs. We 


QUALITY also offer custom designs when a 
Ali products 100% tested and standard product just won't do. 
verified prior to shipment. 

RELIABILITY 


Field proven components backed 
by a comprehensive warranty. 


SERVICE 

Large stock for fast delivery plus CALL OR FAX FOR MORE 

assistance by knowledgeable sales INFORMATION 

and support personnel. | 
1-8ОО-729-7654 


RECORTEC, INC. 


1290 Lawrence Station Road Sunnyvale, CA 94089 


Tel: (408) 734-1290 Fax: (408) 734-2140 


Circle 165 on Inquiry Card. 


` Take Note: 
The World's Best SCSI Adapter 
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9051 Sxerage Manager 


SmartCache Ш 
is the total, growable SCSI solution! 


The world's best SCSI adapter is now the world’s greatest bargain—priced lower 
than any major competitor. An unprecedented value, SmartCache Ill offers top 
performance and universal connectivity with all major SCSI-1, SCSI-2 and Fast 
SCSI devices, including hard drives, tape, CD-ROM and WORM. 
It also comes with built-in support from all major operating systems, including 
DOS, Windows, OS/2, NetWare, Windows NT, NextStep and all versions of Unix. 
And only SmartCache III gives you a growth path. Optional plug-on modules 
let you migrate easily to caching (with up to 64Mb cache), as well as full RAID 
capability. Storage Manager, our GUI utility, makes installation quick, easy and 
automatic. Plus, it gives you on-line and remote control over subsystem man- 
agement, diagnostics, performance monitoring, and disk array configuration Call DPT, today! 
SOR ETE S Е Г) PT 800-322-4DPT 
Distributed Processing Technology, Inc. 3 @ 
140 Candace Dr kori ША MN FAX 407-260-5366 


*List price for ISA model PM2021/90 SCSI Adapter Board 
Circle 1.54 on Inquiry Card (RESELLERS: 155). 
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The F-14 Tomcat Simulation! 


It's all up to you! The skies are swarming with bandits. 


Only you stand between the threat and your carrier 
battle group. 


Lock on your radar and launch the Navy's advanced 
weapons to destroy the most sophisticated enemy 
targets ever developed for a MicroProse simulation. 
Roll, turn, climb, and dive to out-maneuver enemy 
aircraft using an artificial intelligence developed right 
out of Soviet and Third World military doctrine. 


© 1993 MicroProse Software, Inc. ALL RIGHTS RESERVED. 
For IBM-PC/Compatibles. 
Circle 160 on Inquiry Card. 


Actual screens may vary. 


А computer-controlled wingman responds 
to your every command. And, you'll 

interact with strike packages that include 
F/A-18 Hornets, А-6 Intruders, A-7 Corsairs 
and E-2C Hawkeye AWACS. 


Featuring the latest in 3-D terrain technology 
derived from digitized information taken from 
LANDSAT geological surveys, you'll pilot your 
F-14 through actual locations. 


Fleet Defender from MicroProse. We brought you 
the F-15 Strike Eagle, now try the F-14 Tomcat 
featuring the most authentically modeled F-14 
systems available anywhere outside of the Navy. 
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To get our free catolog, call 1-800-879-PLAY Mon.-Fri.. 8:30 am = 5:00 pm EST 

or fill out the coupon and mail it to: MicroProse Software, Inc., 

180 Lakefront Drive e Dept. D10 • Hunt Valley, MD 21030-2245 


Address: 
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Wireless [nformation Delivery from Motorola 


EMBARC puts 
wireless power 

in the palm 
of your hand! 


EMBARC Unlocks the Potential of Your Personal Digital Assistant 


At EMBARC, we've expanded our wireless reach to include today's newest, most portable class of computer — the personal 
digital assistant! Now, a wealth of wireless news and information comes straight to your PDA over the EMBARC wireless 
network. All you need is the EMBARC Motorola NewsCard wireless data receiver. 


Virtually anywhere you travel in the U.S. and Canada, the EMBARC wireless network keeps you sharp and 
productive with a broad array of subscription news and information services. Dozens of subject options from such 
leading sources as USA TODAY, REUTERS and INDIVIDUAL, Inc. keep you up to speed with everything from 

financial market updates. to industry-specific news, to sports and weather. Plus, you'll be on top of business with 
full-text wireless E-mail and file transfers from your office. 


The EMBARC Motorola NewsCard fits many of today’s popular PDAs, including the Casio Z-7000. 

Tandy Z-PDA and GRiD 2390, and operates for a full month on one AAA battery. For a mere ‘249, it turns your 

personal digital assistant into a wireless wonder! To learn more about EMBARC wireless service for PDAs, 
and to ask about EMBARC compatibility with other 


platforms, call 800-EMBARC4, Ext. 330. | m 
4 | Motorola and NewsStream are registered trademarks c! Motorola, Inc. Pa EY’ Eye 
Ай other names and products mentioned are the property of their respective organizations. айй ИШ 


Circle 171 on Inquiry Card (RESELLERS: 172). by Motorola 


«s Your One Stop Component & Computer Source 


SIPP to SIMM 


Module Converter 
= Use SIPP's In place 
of SIMM's 
* Upgrade from a SIPP 
Motherboard to a new SIMM Motherboard 
without buying new RAM 
* Fits into standard 30 pin SIMM socket 
1B93382 SIPP to SIMM ....... VENE 09.95 
Module Converter 


Jameco Motherboards 


Motherboards 
now avallable 
without CPU! 
Call for details, 


—— æ 


1895231 
1B93534 
1B95222 
18790214 
1882333 
1882350 
18101821 
1884945 


804860X 50MHz .......... $799.95 
80486SLC SOMHL...........499.95 
80486DX 33MHz ............ 549.95 
B0486SX 25MHr ............ 299.95 
803860Х 40MHz ............ 219.95 
80386DX 33MH? ............ 249.95 
80386SX 33MHt ............ 129.95 
ATTE аны 69.95 


RAM 


41256-100........256KBx1 ... 
41256-120........ 
1642251 511000Р-80 
1842219 511000Р-10 


UO С ГГ 


DIPS 


1841371 
1841398 


$1.75 
256KBx1 .....1.59 
1MBx1 .....5.76 
1MBx1 .....5.75 


SIPPS 
1MBx9 ..$60.95 
1МВх9....49.95 
1МВх9....49.95 


1B41700 421000А9А-70 
1841718 421000А9А-80 
1641697 421000А9А-10 


41256A9B-80 256KBx9. $4. 95 
41256A9B-10 256KBx9....14.95 
421000A8B-80 1МВх8.... 
421000A9B-60  1MBXx9.... 
421000A9B-70  1MBxS.... 
421000ASB-80  1MBx9.... 


1841689 
1641742 
1841751 
1841769 


йай ct: T 


= iir 
КЕЙ. & Keypad 
1B78271  32-key keypad ............... $59.95 
1820431  84-koy keyboard .............. 39.95 
1817128 101-key enhanced ...... .....79.95 


1817136  130-key enhanced 


Jameco Computer 

Power Supplies _ 

-8088/80285/80386 and 53 
compatible 

e Built -In fan 

e Fits most popular desktop, i 
mini vertical, and vertical cases 1819465 

1819465 150 Watt (8088) .......... - 95 

1867467 200 Watt ...................... 89.95 

1819545 200 Watt ....................-- 69.95 

1819553 200 Watt mini ................ 89.95 

1865726 300 Watt ....... — 149.95 

Graphic and 


Memory Cards г 


• 8088/80286/80386 
and compatible 

* Expand your 
memory or enhance your graphics capabilities 


1893542 VGA Hi-color card ........$159.95 
1819781 Super VGA card ............. 129.95 
1867459 \бАсап...................... 59.95 
1B91230 Monochrome Graphics ...... 34.95 
1829313 32MB Memory card ........ 149.95 
1B19975 (8088) Memory Card......... 49.95 


Floppy 
Disk Drives 
* 8088/80286/80386 and 

compatible 
1874392 FD505  357525'........ $149.95 
1874384 FD235) 2.88MB3.5"........ 129.95 
1840774 356KU 1.44MB3.5"........ 19.95 
1817099 FD55B  360KB525 ....... 89.95 
1817101 FD55G — 12MB525' ......... 99.95 
1879396 S0540 360KB 5.25" ...... 59.95 
Jameco Floppy 
Controllers 
and 1/0 Cards 
• 8088/80286/80386 and compatible 
Multi 1/0 with Floppy Controller 
1819895 8085.............................. $69.95 
1819908 286/385........................... 69.95 
Floppy Disk Drive Controller Cards 
1819617  Two-drive controller............ $39.95 
1819668  Four-drive controller ............. 49.95 
Input/Output Card 
1875598 Input/Output Card .............. $49.95 
RS232 Card (4 ports) 
1876726 4 Port А5232 Card ............. $59.95 
RS232 Serial Cards 
1878713 16450 ЦААТ.................... $29.95 
1867053 16550 UART ..................... 39.95 


Conner IDE 


Hard Drives 


1814058  CP3000 
1814066 
1893286 
1893294 
1893307 


Silicon Valley 
IDE Disk Drive 
Adapter Cards 


1810233 16-bit hard 
1810250 
1810268 
1810276 
1810284 


8-bit hard ............. ...59.05 


*5s9vbobétà 


Jameco Cables 6 
Parallel Printer 

Cables and Adapter 
1B28695 PPC Adapter - straight ....$4.95 


1828716 PPC6 6feet- straight ........ 4.95 
1828708  PPC12 12 feet - straight....... 9.95 


1828741 PPR6 6 feat - right angle......6.95 
Centronics 

9-Pin Serial Cable 

1831721  SAT6 9-pin serial cable ....$4.95 

DB25-Pin Extension Cables 


COMPUTER PRODUCTS 


Jameco Portable 
IC Tester 


Dur hand-held 1C tester 15 an 
basy-to-operate, cost 
sffective unit that includes 
excellant functions. 


* Supports TTL, CMOS, DRAM 41, 
and ORAM 44 Series 

* Size: TL x 3.625"W 

* One-year warranty 


1873525 Portable IC Tester ............. $139.95 


UVP EPROM Eraser 


* Erases all EPROM's 

* Erases 1 chip in 
15 minutes 

* Erases B chips in 
21 minutes 

* UV intensity: 
6800 UW/CM? 

• Size: 9.U'L x 3.7"W x 2.6'H 

• One-year manufacturer's warranty 


1B15712 DE4 8-Chip eraser............. $89.95 


Jameco 1 Socket 16K-2MB 
E(E)PROM 


Programmer 

* Programs EPROM's, 
EEPROM's, and Flash 
memories 

* Programs 16KB to 2MB 
EPROM's 

» Programming spaeds/algorithms: Normal, 
Intelligent, and Quick pulse 

» Menu driven software 

• File formats supported: Intel Hex, Motorola 
S Hex, Tektronix Hex, and Binary 

* 2 & 4-way Binary file splitting programs 

» 2 & 4-way Binary file shuffler programs 

» Includes adapter card, softwara and manual 

» Full screen buffer editor 

"Size: 7Lx5.5Wx1.75H 

» One-year warranty 


1878457 E(E)PROM Programmer........ $199.95 

18101400 1 Socket 16K-512KB ............. 129.95 
E(E)PROM Programmer 

1878465 4 Socket 16K-2MB Programmer 269.95 

1878473 8 Socket 16K-2MB Programmer 469.95 

1B78481 1 Socket 16K-BMB Universal ....699.95 


1878457 


IC Programmer 
EPROMS 

Ce n 
pot UNE co oo сьо еннен. 5.95 
dl déc S c——— 4.49 
TBM 2722-25 ............ cereo eno 4.49 
1840230 2764А-20 .......................... 4.75 
1839829 27С64-15 .......................... 4.49 
1839933 27128-25.......................... ‚ 1.715 
1839968 27128А-20.......... "— ды, „ 4.95 
1839984 27128А-25......................... 3.95 
1839677 27С128-15........... pis кеч ТЕЙ», 5.75 
1840037 27256-15........................... 5.49 
1840061 27256-25........................ ... 4.75 
1839714 27С256-15...... ——— 5.25 
1830722 276256-20......................... 4.95 
ae 6 | „снозаоганоонава 6.49 
1B65699 27С020-15 ....................... 10.95 
1843082 68786-35........................... 4.95 

1355 Shoreway Road В 

Belmont, СА 94002-4100 

FAX: 18002376948 (Domestic 


FAX: 4155922503 (international) 


For International Sales, Customer Service, Credit Department and all 
other inquiries: Call 415:592:8097 between 7AM-5PM P.S.T. 


" а Mention 


CA Residents please add applicable sales tax. 
Terms: Prices subject to change without notice. items 


subject to availability and prior sale. Complete list af 
terms/warranties is available upon request. 


© 1994 Jameco 1/94 All trademarks are registered trademarks of their respective companies. 


Call 1¢800¢831°4242 to order today! 


Circle 158 on Inquiry Card. 


Surge Protectors 
- 1899979 


+ Electrical Rating: 15 Amp, 120 VAC, 60Hz 

• Protection devices: Metal oxide varistors 

* EMI/RFI noise rejection: ир to 1508 

* UL 1449 suppressed voltage rating: 
400volts 

• Clamping response time : «5 nsec 

• Easily installs into wall outlet 

* Cali for OEM pricing 


1899291 EPG 6 Outlet Wall Plug-in ..$5.05 
1899979 ЕРБМ 6 Outlet Wall Plug-in’ 10.85 
telephone protection 


1899887 EP6M 6 Outlet Wall Plug-in/ 10.95 
Cable TV protection 


7 Outlet Power Strip 
w/4 ft. Cord 


4 


* Audible alarm sound if surge protection is 
not functioning 

s Master power switch 

e Push-to-reset 15 Amp circuit breaker 

e High-impact thermoplastic case 

• Size: 3.25°L x 2.125°W x 1.125H 


1B98749 LR69225 Power Strip......$9.95 


as oye p ААА. 


"ш" 


Apple 11, 11+ and Ile 
Switching Power Supply 


• Can drive four floppy disk drives and up to 
eight expansion cards 

« Short circuit and overload protection inside 
the Apple il, 114, lle 

* Fully regulated +5V @5А, «12V © 2.5A, -5V 
GSA, -12V@.5A 

« Same size as original power supply 

* Apple type plug-in power cord included 

* 110V/220V switchable 

° 60 Watt 

• Size: 9.875'L x 3.5'W x 2.25'H 

• Weight: 2.8 168. 

e Data included 


1822268 KJP4007 Switching .........$44.05 
power supply 


Apple 105 Switching 
Power Supply 


e Fully regulated «5VDC @ ВА, «12VDC © 2A, 
-5V0C @ 0.5A, -12VDC @ 0.5A 
e 60 Watt » Input Voltage: 115VAC 


1885518 Switching power supply......$59.95 


Metex Digital Multimeters 
* Handheld high accuracy 
* Measures AC/DC voltage, 
AC/DC сштеп, resistance, | 
diodes, audible continuity test, | Tig 
transistor hFE I 
* Manual ranging woverioad 
protection 


* Comes with probes, batteries, 
case and manua) 

* One-year warranty 

1827085 & 1B27158 only: 

e Also measures frequency and capacitance 


1827078 3.5 digit multimeter.......... $59.95 
1827086 3.5 digit multimeter ........... 74.95 
w/frequency & capacitance 
1827115 3.5 digit multimeter ,.......... 39.95 
1827140 4.5 digit multimeter, ........... 69.95 

w/tach/dwell 
1827158 4.5 digit w/frequency &....... 99.95 
capacitance /data hold switch 


| 1B27158 


Circle 278 on Inquiry Card. 


сар Warehouse 


1-800-487-0485 


Hewlett-Packard Wi Houston Instruments 


Р 
HiPlat 7100 Plotter 


Calcomp 


Idea: / Calcomp 
300 ОР! 500 DPI. `800 OPI. 1000 DPI rr а 
GTX Raster CAD... кус 
Laser à PaintJet Printers 
CalComp 600 ОР! 16M8 
HP Paint Jet XL300 .. E 
Data Products LZA 1555 2 tray ....... 
Data Products LZR 1560 2 ж — 
Data Products LZR 1580 
Calcomp 613 ХЕ — 
Houston Instruments р” 


ТРГО 
4244 54904/^90224 444-98 


goxreisé9smadanpumuacmikunóuumretiaivdeeoqad 


mssisuarcsmvanecutetvvnhubukstéUos 


Studio 7 36" & 
Roland ш 
PNC 1000A 20 = 
о ТЇШ) eee 3150.00 


one ee er ere ce eee sewers rer EL OEE OES 


EEC LOSEDT HEH ENE FOE ERE FE RE кәне! фу» 


January Savings! 
мич Board 111 12x12 $252” 


Ask about cordless option) 


umma Sketch (ll $252 
12x12 TS W/ Cursor 


p 
CalComp 24x36 mn 
CalComp 36x48 ..... 
Summa lll 12x18 ..... 99 
Hitachi 12x12 ........... 5 

Kurta XL 


go»T5EttbeTRévewmxa 


sresaresasdpósépeobe 


305.00 
Esti-Mat ... 1175.00 
Il 12x12 Di itizers 
(Except Kurta & Hitachi} 
include A Tempi; 


n 
Hitachi. 177 -— 


00 Hitachi 2088 20" 


AP OU ERS ME DOS FARGO EARS DURES EA RE RE HEH TH 


JDL 
Express Piotter || A-E 52MB HD ...... 
Graphics Cards 
Artist XJ1000 50MHz . 
ATI Ultra Pre 2MB  ............. 3 
ATI Ultra Pius 2MB n wx 


Hitachi 2095 20" 

Hitachi 2187 21° 

Hitachi 2188XL 21" 280P .. 
Hitachi Accuview PS21AM — 
Mitsubishi Diamond Pro 17 .... 
Mitsubishi 6955 тА 
Mitsubishi 7955 2 


Batadi Buen T 
DMP 1605 IHI-Plot D wee Stealth — —. 
eriesiHI-Plo , iamond Viper ......... Te 
— | 2036 A-E .............. , urbes за е La 
ез: Шш etheus Premier 
выне .. 5250.00 . ғ T€ I as ABER shed Metheus Permer 53 ........ Nanao T660: 20" .. 
-— 00 HI-Plot 7200 - 1 ....Lowes Stand & Cable Extra! ND! Warp 10* .. ..... .. Nanao F760W .. 
Nth Edge ..... E: N qu 


— Toga Targa «64 ‚= 
ok Panasomc C795 jp, —— 


— En Special -— Í 
TrueVision \//САВ . 
4MB Bufer Free Viewsonic 17 | к раба... 
Viewsonic 21 m A 


#9 Level u 
Mü m ag 


20 
Mitsubishi 7165 2 " Flat Set 
Nanao F340W 7 
Nanao Е5501 17 
Nanao F550iW 17". 
Nanao T560: 17" 


Designjet Series 
e Color E- „ 8850.00 


seers Sarma — МАШ 1 ОТТ ОБТ) 2.5 ЧД: UU | OPT Fay FF i eth +m 


toppi AL eee а 


acm bn nA 


DrawingMaster "^ 


Autodesk Genericad EE, С Сү TD V mor 
_ Оту $259.00 P Authored Desier б” 


#9 Level 2 
#9 Level 25 Trucolor . - 


wasuALUMA "ETT 


Draftpro Plus Series 


C3170A DXL» ... “Эм. 00 САХ 450 ............... 3925. 
C3171A EXL* .. GSX 3000 Pen/Penci! . 4495.00 
| GSX 4000 PenjPencil . 5495.00 | 


We want to help! 


you have a prob- 
lem with your 
BYTE subscription, 


write us with the details. 

We'll do our best to set it 

right. But we must have 

the name, address, and zip —: 
of the subscription (new 3 
and old address, if it’s a i 
change of address). If the — 
problem involves a payment, be sure to include copies of the credit card 
statement, or front and back of cancelled checks. Include a "business hours" 
phone number if possible. 


BYTE Magazine 


Attn. Subscriber Service, P.O. Box 555 
Hightstown, NJ 08520 


ii ZU v 


а ace ТАК 
яне ан کڪ‎ 


rin ЖОННИ 


Р с: "авган. IT cca 
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Arnet's SurgeBlock Protection 


Keeps Our I/O Boards From 
Frying Like the Rest 


да лег boards Гап E: 
Direct buyers want the best products. eb Е 
The best performance for the price, and £ E: 

— above all — reliability. О S 

B d 
That's why Arnet uses a unique feature g > E. 
called SurgeBlock to protect every port pr^ м 
on its 1/О boards from power surges. © B 3 
They're the leading cause of I/O board 5 pT 
failures because they're caused by count- Е =. 
less sources — from lightning storms to og 


simply walking across the floor. 


SurgeBlock gives our I/O boards unbeat- Amet Equinox Stallic Specialix Computone 
| SmartP MEG? i 

able reliability. It was the first о d martPort жа APORT ХР ‘Brumby 5SI/XIO Intelliport IEX 

surge protection, and independent tests 

prove it's still the best. Call us and we'll 


send ‘om the results that prova it. 


soot Core 


SmartPort and SmartPort Plus 
Create PC systems that can grow as you do with SmartPort and 
SmartPort Plus. SmartPort is best suited for systems supporting 
up to 8 users per slot. SmartPort Plus is most cost-effective for 
systems requiring 16 to 32 users per slot. A powerful onboard 
processor offloads serial 1/О from the host PC to dramatically 
improve data throughput. 

* Supports I/O speeds up to 38.4K baud per port 

* Up to 64 Kb of dual ported RAM 

* Full signal support for modems and other devices 

• К5-422 support on SmartPort Plus for longer distances 

e SimulPort terminal paging software 

* SimulPrint transparent printing utility 


Not = | аге оцг рогов the most st reli- 
able — with a field failure rate of less 
than 1% — they're also the best direct 
buy around. Here's TE 


Our I/ О Elus rete ram two to 
512 users and operate at speeds from 
2400 to 115K baud — with prices start- 
ing at less than $70 per port! 


Our I/O boards are compatible with 
more than 30 operating systems, includ- 
ing UNIX, Windows, DOS, Multiuser 
DOS and NetWare.™ 


COMStax 


Add a COMStax host card to your PC to support up to 128 
users per slot. An onboard high performance 20 MHz RISC 
processor enables transmission rates up to 115.2K baud per 
port. 
* Desktop stackable modules for asynchronous, 
synchronous and high-speed parallel printing 
* Up to 8 stackable communication modules per 
host card 
* RS-423 support for longer distances 
id 


Sirr | 


We back jour reliability with a 30-day, 
hassle-frée money-back guarantee plus 
a Lifetime Warranty. 


If your board does fail, you can have a 
replacement at yoursite within 24 hours. 


í П 
^^ (1 
4 j TAE 


ClusterPort 

Build large systems that can support remote users with 
ClusterPort. A host adapter card with two high-speed syn- 
chronous links connects to multiple 16-port Cluster Boxes or 
to modems for remote locations. Remote users can be con- 
nected without using costly multiplexers. 


Qualified customers can buy with our 
convenient Arnet Gold credit card or 
other major credit cards. And we offer 
next day delivery! 


* Supports 128 ports per slot, 512 ports per system 

* Supports local users thousands of feet from the host 
without modems (miles with optional Fiber Link Kit) 

* 1.2 Mbps RS-422 synchronous link between host 
adapter and local Cluster Boxes; Up to 64Kbps 
synchronous for pec e Cluster Boxes. 


Adapt r From 


Ask for Your FREE Catalog of Arnet PC Connectivity Solutions! 


800-377-5515 & ARNET 


B o b d FAX: 800-377-8848 | Rock Solid Connections from Digi International 
uy S1X Oar S—nhow ver — | @ | 618 Grassmere Park Drive 
or one at a time—and Nashville, TN 37211 


get the next опе FREE! Ara and Атан соат r зерт я (615) 834-8000, (615) 834-5399 ЕАХ 


corporations. Test conducted by Wyle Laboratortes, September 1993, 
Circle 177 on Inquiry Card (RESELLERS: 178). 


Circle 170 on Inquiry Card. 


PRINTER SHARING & MEMORY 
TOM © © @ €9 [2] [9] Ed EC 800-238-9415 


LOGICAL CONNECTION 


LCX-1000 (1Mb) $495 
B ports; 4 serial /О; 57,600 bps 
2 parallel in, 2 parallel out 
LC-256 (256Kb) $399 
LC-512 (512Kb) $449 
8 ports; 4 serial VO; 19,200 bps 
2 paraliel in, 2 parallel out 


= E 
f “жаз. а ~. LE Ee ” чы. a л 
EM. ET чо E 1 : ы 
— = И Era: ў 
L! F s = ч 


LXFR-ETC $49 “> o> 
PB-42PP-256Kb $249 | | РС SIMMs 
soe Ыр 

6 parallel ports; 4 in / 2 out EISA SIMMs 

Upgradable to 4Mb; 25,000 cps А 
LC Jr.-256 (256Kb) $199 
LC 41512 (51240) á $249 HP4 & HPlillsi 

in, out 

Upto 115200 bog Ре 228 D» = m PCMCIA 
Ed ; 4in/ 1 out е? : ap. 3 un, R— GT AER 0-0] 

Sar swish: 25 000 cp Ege E WEN TOSHIBA 
SPPS (NO XonXof) $49 ! d SU uo MENTEM. 

9600 115,200 bps, ; 

Serial Parallel M MAC SIMMs 
PB-11PP-1Mb 19 

oS ria n POWERBOOK 


Upgradable to 16Mb; 25,000 cps 
LOGICAL CONNECTION» 4660 Portland Road NE #108 Salem, OR 97305-1658 Tech.: (503) 390-9375 FAX: (503) 390-9372 


It's FREE! Absolutely, positively, totally FREE! 
No strings! No commitment! No shipping! No 
handling! No nothing! FREE! FREE! FREE! FREE! 


It's your FREE introductory issue of 


Майн! | SCD The Multimedia Magazine" 
| [ п ` on CD ROM 


This is not a misprint. It's an honest-to-gosh offer for a FREE introductory issue of 
NautilusCD, The Multimedia Magazine on CD ROM. To order your absolutely, 


NautilusCD is the premier showcase of multimedia creativity. Our contributors positively, totally FREE issue, 
are multimedia's superstars, wizards who can make your computer screen flash to call toll-free 
life with moving pictures...play music or sing for you...dazzle your eyes with 3-D 


graphics...and even talk to you! It's an experience not to be missed. 1-800-448-2 32 2 ° 
Yeah, you'll get a subscription offer with your FREE issue of NautilusCD, but no „ооо CDROM drive equi 
more will come —and neither will any bills—until you tell us “OK, I've gotta haye ті Time Offer. Only 1 CD ROM per inquiry. Intemational orders 16H 766-3165. 
it!” You've got hours of thrilling multimedia entertainment to gain and nothing NautilusCD The Multimedia Magazine 
to lose. So call the number and ask for your FREE issue now! 7001 Discovery Boulevard, Dublin, Ohio 43017 
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воо “S57 7-1000 
mm um um шш PACKARD ВЕЦ S 
| | 


While сауу! Jatt... CALL MOW? 


1512 Ла", Е LIH Tel. T347T y! THE L'LTIALATIE Wats UGE - 


RES и 


50+ Quantity 
Premium Grade IBM-Formatted 


dish colar may vary 


E3 из" 50+ 
CURD 1BM-Formatted $.36 
arma а b. KW APIS a бео. | 
-Forma PESAABELAO енот ———— — — 
2 M M E ё ra378 5020 399 roo $1,499 STEED a es 
к= 5 rı 
250MB HARD DISK EE озм, eo 81,499 
« reri MONITOR F 17 ^ — À ABSSX J9MHz. 
Pinta Cartriacl ges— AME RAM MODEM ODE 23808 HARD D 
== 90M (2.0 $13.99 -= WM LOCAL ФАМ MEO CONTHDLLER SEAT: 
Î baM {1.3 Са) $11.99 Mk - DUAL. 
ds Grade posee 
пт Gal ; | A f i Р | i am. 1 ч f Г 4 | - 3 \ 
— —- 1124[50 GA) $11.59 — at 
Шаш ED 3M Brand -— Cleaning Cort, $19.99 зве $2 249 — o S2. 399 raida : $1, 799 F715 $1, 1499 
pc220 $1149 $159 Әсе 4860X2 66MHz = 486DX2 66MHz 4860X 33MHz 486SX 33MHz 
6C21 20: :$ 12.95 18.49 450MB HARD OISK 245M8 HARD OSK 245MB HARO DISK 250MB HARD DISK 
2000 $ 9.69 12.59 sye REWRITEASLE pom $89.00 ама НАМ w/250MB ТАРЕ BACKUP айт» MONITUS INCLUDED Fram MONITOR INCLUDED ** 
DC3O0XIP 512.69 18.59 у" REWRITEABLE 1024k/550MB $89.00 га ue BME RAM, 
A $12.99 18.59 3/7 REWRITEABLE 512k/128MB 545.00 г - 
oats den e Зу” FLOPTICAL 21 M8 $18.79 JE ' € 
, S^ CDA 74 MIN. RECORDABLE С) £21.99 TU i ! 
DC55 $19.49 a 
Cleaning Cartridges 388 Brand Ме DRONN mome 10 84 GGG mn $4799 291399 51199 
Series $18.99 4860X2 66MHz  48BDX 33MHz  48858X 33MHz 486SX 25MHz 
6000 Senes $18.99 SI, u Am ru 245MB HARD DISK 210MB HARO DISK 210MB HARD DISK 130M8 HARO DISK 


1 лав, 2114 „Ж. |! ATT ٣ء‎ ы 


ActionNote~ 
48651C/33 
120040 HARD OIK 


86D0/84DO FAX MOOEM 
G4 BHADE 
5.5 LBS. 


LA presen 


10° SCREEN 
Таа {АЫ MB DOS / WINDOWS 
921334 LASERJET 8, BD, 10, NE, МЕНӘ d... .....871.89 == „аз, | $1 649.00 
SEATEA LASERJET ЕР, BBY, Ыр... ....2#1%3% 575084 DEBET / 0#%КАЛЕТТ...................... 615.83 $ . 
"= 903134 LANERLET N, NM. MM" 516264 DESXWRITER, FAX 200/200, OESIUET. .$23 39 9 BORER HARO CERE 
| 9914ЗА LASELNT, LASERJET., SOO, SERIES IDADI 916044 TROL / ШЖТЫ................... 3823 Е $1,999.00 


SIINA LASERJET ШИ, МЕ WE. MX... SILES 516234. DERUET 300C / DESXWRITER $00 .......525.95 MONI IITOHS ч OPTIQUEST. [E JR l TH =f { 


EPSON — ETAT EPSON 
ТОМЕН Casmmoces 5020025 STYLUS 800/300 nm 2 ux ü mg 

8051011 ACTION LASER 1000/1500.................... 8115.00 um $378.00 "na 

8051099 EPL E00O0..  ———Ó re ү. 53 L0370/870» eere 20000х * SCREEN - TL 

8050002 ACTION LASER П... ннн, $78.00 5015032 ACTION PRINTER.,............... E эуе $435.00 uU T- uon pH 
" CU auf but EDS #309 00 
STYLUS ЗОО INKET $249. 
- CD HI OM S СОРТИ; SRE кеМ wA ian $269 00 

i т - TYR: peren 0050 Q4 PY $189.00 

WORLD ATLAS... „31375 VOYAGE/STARS 1.........$3500 GREAT СГПЕ5.................... ооо БААМ АЛЕ МОН 

CIA WORLD FACT BOOK .....$16.25 VOYAGE/STARS Н...........535.00 QUINNESS...........$2250 B M. Wi) 2 

CLASSIC COLLECTION +....$47.50 VOYAGE/STARS III ............ $35.00 HAWAIL......... re $13.75 = — 

FAMILY DOCTOR ............522.50 VOYAGE/STARS IV........$35.00 INTERACTIVE STORY |!.......$15.00 А ТД ЕО — 72 Pn Sinem 1 X36X70 - 4MB.. S1 87 00 

VOYAGE /PLANETS 1............ $3500 ENCYCLOPEDIA ............. $37.50 LOOM.. МИГ 1X9X70 - 1MB .. - 2X36X70 - BMB.................$373.00 

VOYAGE/PLANETS It...........$35.00 FOOD ANALYST..............$22.50 MAGAZINE RACK..................$1B.75 | / 7n. “ 

VOYAGE/PLANETS Ill ..........335,00 GAME РАСК.......................13.75 МАММА1$.............................. $16.25 4X9X70 - 4МВ.................. $174.00 ДИЗЕ УЛУ i MS aimi: "8088. UE 


835 ‚00 GAME PACK i.. MARIO DELUXE .. ; 
100% 40-DAY SHIPPING INFORMATION 


ALL MAJOR CREDIT CARDS WELCOME: SATISFACTION GUARANTEED! в ar эг р HAC" SPECIALS THIS MONTH INCLUDE: 


YEME RATIQWACTMON :0 OUR UÜTMONST 


VOYAG E/PLANET S М... 


DONCERM, ш. wITMIM зо.палуүх POR 
AMT REASDM YOL АМЕ HOT LATED 


Ee3 HUTH YOUR PÜODUCTS, WE wei Boo - 557- 1000 


REMLACE THEM OR REFUND YOUR 
MONEY. NOTE: ALL FRETUPIS MUAT воо -: 557. SOOO... FAX 

BE ACODMFAMIED BY PXXUS RMA 

илми ПЕТИМА: MOF ACCONPA CORPORATE DEPARTMENT INTERNATIONAL таа 


-—| ND OY Rita Witt gp REFUSED ВОО: 557-2000 EE 467-7 - чы 
GOVETHNMENT A 213-487-7608 - FAX 
con's EDUCATION DEPARTMENT CUSTOMER: SERVICE & TECH SUPPORT 
COO'5 ВЕ EVALUATED ON A РЕЯ. BO 8567-1000 


CASE MASS 1448 РЧ. VINE ST., SUITE FOS, HGLLY SACO 


FOR OTHER SHIFPING DETALS PLEASE CALL 


Circle 179 on Inquiry Card. 


Circle 180 on Inquiry Card. 


The AII-In-One Horne/Office Communication Center! 


af 


FASTalk is all 


- Volce Mell 
> Fax Maill 

o Unlimited Maliboxes 
eFax Forwarding 


FASTalk is a high speed 14,400 bps Fai Modem with Voice capability. 
me DOS software included combines the voice, fax and data features 
серна n powerfull user definable fax/data/voica mail system with 


V32.bis Modem 


e «Mesum. Forwarding 
Customized Greetings 
User Definable Setup 
W32bis Hi-Speed Modem 


imited capabilities limited only by your imagination! 
The modem section sends and receives data at 14,400 bps using the 
CCITT V.32bis modulation standard. By using V.42 error correction and 
V.42bia data compression the affective throughput ls increased to 57,600 bps 
Faxes can be sent and recelved at upto 14,400 bpe. Auto-faliback of both 
fax and data speeds is possible. The hardware supports most popular third 
party software. The package includes complote user friendly DOS data/fax/ 


volce software. 


Auto-attendant features are also provided. Calla cen be switched|to a different 
extension with Centrex type systems asad on the callers salectian of DTMF 
keys. The user's greating message informs the callar of tha available choicas. 
The sasy-to-use setup program graphically walks you through the multi-lavel 
tres structure whose chalces ara mada by the callers selection of touch-tona 
kaya. The complete setup can be saved and easily modified on-the-fly! 


Auto-attendant 
Call Forwarding 
Pager Alert 
Fax-on-dermand 


FASTALK DEMO! 
1-214-350-5368 


FAX SWITCHES DON'T WORKI 


Hane Eras Ёле SHARE A LIME 


WITHOUT 
ire fee Ul CONFUSION 


For the more technical user, script files may be utilized to provide finer control 
of the voicefax/data mail system. The power af the ayatam is its totally flexibe 
user definable setup. Basic function modules are provided for building blocks. 


A 2 year warranty is provided. FASTalk іа proudly mada in USA and is a 
product of ORION TELECOM (214) 335-4356. 


APPLICATIONS: 


1| КЕ ТЫК caa be ший ka in saatdan tg gutereatical'y anamar calls 
aad direct then ie the ШЫ рЫ тайце ЁЗ abe 

21 БАТМА coe be cad ва а азайса verc rui втуп with 
indisidugi paspaced реле ИН asd ali Hart апета deri 

AM FASTER car ba аны kk a Fas De атаа түл ith a г-и 
aetas Petts or catalog түй. Н cas be aet op Por hagas anc 
redial or ieusedast daa bach НЕ рата toe the ca. 

d| FASTalk supports Paget Alert to itor pau of vital fiore or тыннан. 
when yog gne quay. 

8I FASTalk И catene greeting mertagui and call barm G qni psu 
brad sucia th appear ef a large company. 

Bi FAST tir be med ax a higb speed 14,520 bz FIT Fae oder 
Mast popular Fa Madam taha Эз. ropperipé (Claas. li Fax. 
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Т) РАТЬ кесишти pare preimciion provides restraci£ access for 
peur ргө a1 asy level, 
ES FAS Lala Бела qu pir reer tt 2n ernal speaker lar pobre 
a iii 
g FASTA cage bo use ГЕН Tg beta qeu biil yini cutest са Гр 
eibi Your canfiguritias cam bs changed heathy, witvavi kassie! 
1D: FAST aa prohi yos тшш betting В н 15 uie. This priora aci МЇН 
pores! eed билайн 38 pet op uinie combenations of iat waist 
fiscia, TOU DEDDE! 
11: PAS ada i arripit driven. Tha alpes the mara technical тйлй iin 
rura power 15 aat ug igy end powerful mplicatraas. 
1F) FAS Тий wepperts call lanwarding and rnsherincing to ieu doa have 
in miss thoes important zalis when pou к= asd! 


тезе, 
thapa. Ё pore bar taal! w about t mos. 
ft in dual for homo if Ba, faa sapere 


he cls cx? М vaa 
putos lece SPARTY $89.00 044си 


Circle 175 оп inquiry Card. 


2233 SAMARITAN DRIVE, SAN JOSE, CA 95124 


Sewing you since 1979 


JDR Microdevices‘ 


BUY WITH CONFIDENCE FROM JDR! 
30-DAY MONEY BACK GUARANTEE 
1 YEAR WARRANTY 
TOLL-FREE TECH SUPPORT 


SYSTEM BASICS 


INTERFACE CARDS 


Fast Multi 1/0 Card 
e Includes two NS16550 serial 
ports, one parallel part and 

one game port 


» 8-bit 286/386/486 compatible card 


МСТ-АІ0+ ма „.989. 95 
MCT-AID As above with one NS16450 ... .., $49.95 
MCT-IDEIO« IDE w/NS16550 compatible serial .. SRi $99.95 
MCT-IDEIO {DE w/NS16450 compatible serial ........ $69.95 
MCT-VID V L Bus IDE and Multi 1/0 card ............. $99.95 
MCT-IDEFH 16-bit IDE floppy card ......................... $29.95 
MCT-VCFH VESA Local Bus cache IDE controller . $229.95 
MCT-VSCSI VESA Local Bus SCSI-2 controller ......$299.95 


VIDEO PRODUCTS 
VGA Package with 
Accelerator Card 


* 1024 x 768 in 16/256 colors, 

800 x 600 in 16/256/64K colors, 

640 x 480 in 16/256/64K/16M colors 
• 14° diagonal screen; 0.28mm 
* 16-bit 286/386/486 PC compatible Windows 

accelerator card, interiaced and non-interlaced modes 
b. cal an lo Dc $459.95 
VGA-PKG-1024 — 0.39mm, 1024 x 768 VGA package ... $349.95 
VGA-MONITOR  0.39mm, 1024 x 768 int. monitor ..... $269.95 
VGA-MON-1024N 0.28mm, 1024 x 768 non-int. mon. . $379.95 
VGA-MON-17N 17°, 0.26mm 1280 x 1024 non-irt. mon. $799. ш 


Low Cost Windows 


Accelerator 
* 16-bit 286/386/486 PC compatible; 


supports interlaced and non-interlaced, analog c or 

multisynch monitors; VESA software compatible 
* Up to 1280 x 1024 resolution in 16 colors 
MCT-VGA-5000 
SPEEDSTAR-PRO 16-bit Windows accelerator ......... $129.95 
MCT-VGA-4000 16-bit 1024 x 768/256 color card . $129.85 
16-bit 640 x 480 VGA card ............. $49.95 


MCT-VGA-1000 


POST Code Display Card $ E» 

• 286/386/486 compatible 

* Displays Power On Self-Test codes 

* Works when software won't boot computer 
• Includes AMI Diagnostics software 

PCODE-« .. — 

PCODE Above without АМ! Diagnostics — i 


Wire-Wrap 

Prototype Cards ШШЕ I 
JDR-PR2 8-bit with UO decode layout =: $29.95 
JDR-PR2-PK Parts kit for JDR-PR2 decode ............ $8.95 
JDR-PR10 16-bit with 1/0 decode layout .......... $34.95 


JDR-PR10-PK Parts kit for JDR-PR10 decode ........ $12.95 


PDS-601 8-bit breadboard with decode .......... $79.95 
PDS-611 16-bit breadboard with decode ........ $89.95 


EPROM Eraser 


e Quickly and simultaneously erase 
up to 4 standard EPROMs 


• Includes wall plug power supply 
DATARASE ÎÎ ——-—— $39.95 


EPROM Programmer 

e Programs devices ир to 512K bits, plus 
270100, 270101, 270301, 27C1000, 
2761001, 2702001, 2764001 & more 


* With 8-bit 8088 & 286/386/486 PC compatible card 
* ZIF — accepts 0.6" wide DIP IC’s to 32 pins 


TEAMS: Fer shigping & hiniling тї җыл $5.00 for greead & 17.58 ler пш. Ürders metr 1 lë. aad forge erders may requrr aoma skipping charg 


3-Button Mouse $14* 
* Accuracy 290-1450 DPI 
* Opto-mechanical design 


JDR-MDUSE-3 .............. ECT WESEL | 
MDUSE-PAD Keeps mouse ball free of dirt................. $4.95 
MCT-GAME Dual port game card ................................. $29.95 
JSTK-300 277 с Ium $9.95 
JSTK-500 Pilot-style joystick .................................... $19.95 
Low Cost Internal 
CD-ROM Drive T 
• 5-1/4" half-height internal drive а К 7 
with 1/2 length interface card канш а. MI. | 


• 150Kb-175Kb per second, 350ms average access time 
„ includes drive, interface card, cables and manual 


cas ae $199.95 
CDR-84 NEC internal dual speed CD-ROM drive $499.95 
MCT-SOUND — 8-bit sound сапб....................................... $49.95 
SB-DLX SoundBlaster 8-bit sound card ................ $89.95 
VIDEOBLASTER 16-bit video card with software ............. $329.95 


5-14" & 3-12" 
Combination Drive 
• §-1/4* half-height beige drive 
e Supports 1.44Mb, 1.2Mb, 

720Kb & 360Kb diskettes 
i сое { 
FDD-2.88A 2.88Mb 3- АЙ ЫЛОО Г ГК $99.95 
FDD-1.44A 1.44МЬ, 3-1/2”, Веіде .................................. $89.95 
FDD-1.44X 1.44Mb, 3-1/2", В!асК................................... $99.95 
F0D-1.2 1.2Mb, 5-1/4", Beige eS Et $59.95 
FDD-360 SEDK b, 5-1/4”, Black .................... enne $59.95 


Preformatted Bulk Diskettes in Quantities 0f 250 


MD2D-BULK 5-14° 360Kb 05/00 disks w/labels & tabs .$.25 ea 
MO2H-BULK 5-14" 1.2Mb DS/HD disks wAabels & tabs . $.45 ea 
3.5D-BULK 3-12" 720Kb 05/00 disks w/labels & tabs .$.39 ea 
3.5HD-BULK 3-t2" 1.44Mb DS/HD disks w/labels & tabs $.59 ea 


250Mb Tape Drive 
• 286/386/486 PC compatible 


* QIC-40 read and QIC-80 
read/write compatible 


* Up to 3.5Mb/minute transfer rate 
• 5-1/4" internal half-haight drive 
„ Includes DOS “йын software and manual 


§250) .. s ———— me LU 
IDE Hard Drives 
PART # BRAND САР. SPEED ТҮРЕ PRICE 


3-1/2" IDE 
3-1/2" IDE 
3-1/2" IDE 
3-1/2" IDE 
3-1/2" IDE 


$189.95 
$189.95 
$209.95 
$229.95 
$269.95 


Conner 
Seagate 
Seagate 
Conner 
Conner 


CP-30084 
ST-3095A 
ST-3144A 
СР-30174 
СР-30254 


Seagate ШЕ 

Drive Kits e 

* 16-bit 286/386/486 PC b: ti 
compatible card 

* Includes hard drive 


« 16-bit controller interfaces 


two hard and two floppy 

drives 
HDKIT-80 Kit with 89Mb ST-3096A drive ................ $209.95 
HOKIT-130 Kit with 131Mb ST-3144A drive .............. $229.95 


HDKIT-210 Kit with 214Mb ST-3243A drive .............. $269.95 


Toll-Free Fax Ordering 
800-538-5005 


UPGRADE COMPONENTS — 


Dynamic RAM 
PART # SIZE SPEED ТҮРЕ PRICE 

| 41256-80 255Kx1 80ns DIP 52.39 
1MB-80 1Мх1  80ns DIP $4.90 
41256A9B-80 255Kx9  80ns  SIMM $14.95 
41256A98-60 255Kx9 60ns SIMM $16.95 
421000A9B-80 1Мх 8005 SIMM $49.95 | 


| 421000A9B-60 ':Mx9 60ns  SIMM $59.95 
424000A9B-80 4Mx9 80ns  SIMM $159.95 
424000A98-60 4Mx9 60ns SIMM $179.95 


[ E TO CUA NT MA а 
CALL FOR CURRENT ORAM 


intel 


SPEED PRICE 


Math Co-Processors 

PART# SPEED PRICE PART# 
8087-2 8MHz 129.95| 80387-SXP <25МН: 74.95 
8087 5МН: 89.95 | 80387-DXP <33MHz an 
B0287-XL 12MHz — 74.95| В0487-5Х <25МНг 369.95 


OverDrive Processors 

ODP486-SX20 For 20MHz 486SX OverDrive socket . $299.95 
00Р486-5Х25 For 25MHz 486SX OverDrive socket . $359.95 
ODP486R-DX25 Replace 25MHz 486DX w/SOMH2 DX2 . $359.95 
ODP485R-DX33 Replace 33MHz 486DX w/66MHz DX2 . $529.00 
ODP486-DX33 66MHz 486DX2 for OverDrive socket ... $529.00 


MODEMS & FAX 


14,400 Baud 
Internal Fax/Modem рє 


e 14,400/12,00/9600/4800/2400 | 
baud modem & fax 

• Full Hayes command set 
compatibility 

• QuickLink 11 communications software 


MCT-144IF« 14,400 baud Internal fax/modem ..... $149.95 
МСТ-241 2400 baud internal modem with s/w . $49.95 
FAXM-SWITCH Connect fax/modem/phone on 1 line $89.95 
FAX-SWITCH Above without modem connection .... $59.85 


MOTHERBOARDS 


VESA Local Bus 
486DX Motherboard 


e 33MHz Intel 80486DX or = 
66MHz intel 80486DX2 CPU Els 

* Uses 256K x 9, 1M & 4Mx 9f 
60ns SIMMs (PK installed) 

* ZIF CPU socket for upgrades f 

e Eight 16-bit expansion 51015 ЧЕ 

* MS-DOS, Windows 3.1, DESOQview 386, Novell NetWare 
and 05/2 compatible 


MCT-M486VL-33 33MHz 486DX VESA local bus .... $599.00 | 
MCT-M486VL-66 66MHz 486DX VESA local bus .... $899.00 
MCT-M486EV-66 66MHz DX2 w/VESA & EISA bus $999.00 


MCT-M386SX-33 33MHz 3865Х.............................. $129.96 
MCT-C386-33  33MHz cache 386....................... $249.95 
MCT-0385-40 — 40MHz cache 386 ........................ $299.95 
MCT-M486SX-33 33MHz cache 486SX .................. $449.95 
MCT-M486-33 . 33MHz cache 486DX ................... $549.00 
MCT-M488-50 — 50MHz cache 486DX ................... $799.00 
MCT-M486-66 — 65MHz cache 4860Х2 ................. $849.00 
LITHIUM-6V 


6 volt lithium battery ..................... $10.95 


глн Min VEA: 
3 A. zr و‎ 


PC EDITION AND 
COMPONENTS EDITION 
AVAILABLE NOW! 


Local 408-559-1200 


— tinis! zer Sales Deel. li Ha 


BBS 408-559-0253 e Q~ 
= IRS 


таш. CA residents mars] sachude applicable sales tar. Prices saberi ba chasge wilbast ТЫН. We arr pol пп Ый Bar lppagraphicad errors. We sexeret Ig right 1e тй quamtibars 


and һа misiba manicure, All merctaagins cubject Ба price ales, A full сару of oer betes ds available apaa reqe. ere рас себ may palg be regreccmi storm, JOR. Be JUR зї, 


TBAT 


um Micredrnem. and ihr ha MET leg aro register lips af JOR Mictedevioes, loc Modular Clerus Tectapiagy Isa tr mak at Rn Micredericms, lat. Сору 1393 ДН MIDROCEVICES. 
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Polaroid's C-P Filters for computer monitors fea- 

ture a two-layer circular polarizer and multi-layer 

optical coatings to provide the ultimate technol- 

^ Де : ору for glare reduction and contrast enhance- 

Circular Polarizing Filters ment е difference is immediate and dramatic. 
The Ultimate Glare Control Because of the р Ж, aire ight гар, 

ping properties of circular polarizers, Polaroi 
And Contrast Enhancement CP-Filters suppress up ta 99% of unwanted 
Technology reflected light and are as much as 14 times more 
effective than other filters in improving contrast. 
Most models also include an electrically conduc- 
tive coating that eliminates static and reduces up 
to 98% EMI for electric field radiation. 


Polaroid produces a full range of optical qual- 
ity anti-glare filters in glass and triacetate to fit 
most 9"-21" monitors. 
Polaroid Corporation, Polarizer Division, 
N2, 1 Upland Road, Norwood, MA 02062 
1-800-225-2770 Fax 617-446-4600 


E 
E 


TimeWand"' | DuraWand" TimeWand II 


Data collection is fast, easy, and extremely accurate 
чаштар енн when using Videx portable bar code readers. 

|| Cordless operation, compact size, and light weight 
allow you to take the wands wherever the work 
needs to be done. Call Videx today for your free 
information kit: 503-758-0521. Prices starting at: 


۹ / TimeWand I ............ $298 
Vitex uu 
: TimeWand II ........... $698 
See us at MacWorld Expo, booth #4261 
1105 NE Circle Blvd., Corvallis, OR 97330-4285 


503-758-0521 * FAX 503-752-5285 


TimeWand, DuraWand, and Videx are registered 
trademarks of Videx, Inc. GCO355 


Tough and durable. 


For multiport serial controllers in —Q: 
environments, you need Star Gale. 


Built to withstand the rigors of industrial and commercial 
environments, Star Gate 1/0 controllers are offered in a broad 
range of price and performance options for ISA, EISA and 
Micro Channel. 


Added Benefits: Enables a single PC expansion slot to support 
from 2 to 128 serial devices Ф Unmatched reliability in harsh, 
noisy environments with fully-shielded cables and rugged metal 
connection panels € Exclusive SureGuard "option includes 


GMM ale серти 
* High Performance 16 MHZ 14 bit CPU. 
BOX86 code ible. 
• 4 Sync/Async Ports / 85232, RS422, RS485 
-(2 Serial Ports with Full Duplex DMA). 


complete transient surge suppression * ЕІА-232, -422, -485 Uses Zilog 85C30, 85230 SCC chip. 
€ Supports DOS, 05/2, Unix, Xenix, Novell, Windows, TCP/IP. * 512K Dual Ported Ram (STO) 
B T EOS Port Ram - sg ac Four. Port "n 
nd out more. -800-782- i || * 8k, 16k, 32k, 64k Window Size rammabie). Alt 
more. Call 1-800-782-7428 | à bee GMM roduc Are Майе іа USA. 
Шен. 
ALIA LATE ** Two Pert Com, CoProcessor also available 
[GMM $упс2/ССР?), 
People and products you can depend on. Gi Ё Г — ттт тене, 
Star Gate Technologies, Inc. • Solon, OH e 216-349-1860 « FAX: 216-349-2056 Йй, е - (714)752-9447 Fax (7141752-7335 
| GMM Research Corporation 18092 Sky Pork South - Unit E, Irvine СА hd 
Circle 222 on Inquiry Card. Circle 193 on Inquiry Card. 


Wintek's PC Power 1/0 
Card allows you to 
monitor and contro! up to | 
24 signals for loads using 
an industry-standard 1/0 | 


о а rack with optically- || 
АГ TI | | isolated sensors and | 
. | ter J 7 solid-state relays. 
| 4 zii Wintek's design simplifies | 


your software and | 
includes a watchdog | 


^ Di ED Un ! 3r timer for safety. The card | 
PC POWER I/O CARD ine for salely. The car 
(B  Wintek Corporation EISA personal computers. 
YY WINTER 1801 South Street А similar interface card is 
Lafayette, IN 47904 available for the Wintek 
(800) 142- 6809 ог (31 7) 448-1903  44-pin bus computers. 


155 Terence Matthews Cres. Kanata, Ontorio КЭМ 2A8, Conada 
Ск. Tel: 1-613-591-1555 Fox: 1-613-591-1488 


` Circle 215 on Inquiry Card. Circle 232 on Inquiry Card. 
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Rhetorex 
Voice Processing boards 
make CTI a reality. 


If you're asking "what's 
CTI,” you're missing one 
of the hottest new 
technologies going. 

Computer Telephony 
Integration links PC- 
based computer appli- 
cations to the telephone 
network, providing voice/ 
fax mail, interactive voice response, voice/fax servers 
and more. 

Interested? Maybe you’re already developing a CTI 
application. Then it's time to discover Rhetorex.™ 

For the best value in CTI technology-from our 2 and 4 
port DSP-based voice and fax processing boards, to our 
24-port platform-give Rhetorex a call. And start making 
CTI a reality today. 


Rhetorex, Inc., 200 E. Hacienda Ave., Campbell, CA 95008-6617 
Tel. (408) 370-0881; Fax (408) 370-1171 


Al! trademarks identified by the ™ symbol are trademarks of Rhetorex, Inc. 
All other trademarks belong to their respective owners. © 1993 Rhetorex, Inc. 


Circle 205 on Inquiry Card. 


LET YOUR COMPUTER DO THE TALKING! 


| E Automated Attendant 
integrates major voice/fax applications plus E Unlimited Audiotex 
program control into one full-featured high Bi Voice Mail 
performance software. PC-AT/386/486 based. 
Menu driven. Easy to use. Pull support for E Talking Yellow pages 
Rhetorex, New Voice, Dialogic, Bicom, Pika, 
TTI and Intel voice and fax hardware. Supports li Telemarketing 
up to 32 voice lines and up to 8 fax lines. Ш Fax Mail 


Bl Fax-on-Demand 
ll Fax Broadcasting 


E Date/Party lines 
Bj int'l Call Back 


Fax-on-Demand lines: 818-368-4 566 or 818-368-8848 


10801 Bismarck Ave., Northridge, CA 91326 USA 
(Resellers/Dealers/OEMs/Private labels are welcome) 


Circle 223 on Inquiry Card (RESELLERS: 224). 


| 
SHUT MG ТН! 


Let our. 


Voice Mail 
| К Call Processing р, 
O-— .Fax-on-Demand $2 


FIT (510) 522. 3800 + FAX (510) 522- 5556 


TALKING TECHNOLOGY, INC. 7 ; 


FIDE Амал 


Prices ЬЕ t3 charge теби Am $e 


Circle 211 on Inquiry Card. 


FRAME RELAY, X.25, SDLC, HDLC, BSC on the PC 


Sangoma provides synchronous support for PCs that is cost 
effective, rock solid, full featured and easy to use. 


* Coprocessor based support with universal PC interface. 

* Frame Relay: ANSI T1.617 Annex D, automatic 
congestion control. 

e X25: CCITT 1988 and ISO 8208, 255 Logical Channels. 

e HDLC: LAPB or NRM, ISO 7776, 


è SDLC: Primary & Secondary, multiple addresses. 
e Line speed: 180 kbps (full-duplex), 84 kbps (half-duplex). 
* Test programs, built in datascope included for 
easy debugging. 
e High level interfaces for DOS, Unix, Windows, 05/2. 


Tel: (905) 474-1990 (800) 388-2475 


Fax: (905) 474-9223 


7170 Warden Ave., Unit 2, Markham, 
Ontario Canada L3R 8B2 


Circle 208 on Inquiry Card. 


SANGOMA 


YOUR COMMUNICATIONS LINK 


| des A dard tools Nt as C" 


Complete systems $199 4:00 


KS6: AT equivalent CPU card uses NEC V53. 
max 4M RAM, 2M ROM, 512k SRAM. 5 serial & 
2 par ports, clock. AT bus, $299, (q1-oem ver). 
KS3: V40 CPU card uses NEC V40, 3 serial, 

2 par. clock, flop, keyboard. $224 (qt-oem ver). 


KIL 


Rackmount Solutions 


RACKMOUNT COMPONENTS - OTY 25 PRICING 
Rackmount Chassis 19X7 x17 $183 
Rackmount VGA Monitors 
Rackmount Monitor Shelf 
Rackmount Keyboard Shelf 

RACKMOUNT PLATFORMS - Qty 1 Pricing 
ae $1799 AMS386-40 $814 

RMS486-33 $1443 RMS386SX-25 $693 
System Platforms include 7" Rackmount Chassis, 
200W Power Supply, Motherboard, 1.0MB Memory, 
IOE, FDC, 2-Ser, Par, 1.2MB or 1.44MB Floppy Disk 
Drive, 1 Year Warranty 


RACKMOUNT CHASSIS - 15 Models up to 20 Board Slots 
SLOT CPU BOAROS ~ 486, 386, 3865X 

RACKMOUNT MONITORS - - Super VGA and Monochrome 
bet CABINET - Modular from 21° to 96° high 


Vi VALLEY 
" TEDBIOLUCY INC. 


2468 Armstrong Street, Livermore CA 94550 
(510) 447-2030 FAX: (510) 447-4559 


303-444-7737 Fax 303-786-9983 
Boulder Colorado 80304-2842 U.S.A. 


Circle 196 on inquiry Card. 


Circle 220 on Inquiry Card. 


ABus Data Acquisition & Control Devices 


AD-142 8 bit A/D with PC Interface *19¢ 
AD-142 with Serial Interface 6299 
* Major companies such as Johnson Controls, 
McDonnell Douglas, NASA and universities 
such as MIT and NJIT have already made the 
decision to use our products and saved 
thousands of dollars while meeting all of their 


lı data acquisition and control needs. 
= CALL FOR FREE CATALOG 
Phone (203) 259-7713 
Fax (203) 254-0169 
1 year warranty and a 30-day evaluation period 


303 LINWOOD AVENUE, FAIRFIE LD. CONNECTICUT 06430 USA 


Clrcle 182 on In ey Card 
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PC-based Solutions for | 
Industrial Automation 


e Industrial PES-A Workstations | 
* Enclosures and Card Cages | 
* 4B5/305/286 CPU Cards 

* RAM/KOM Disks 

= Industrial VO Cards 

e R5-232/422/4B5 


1-800-800-6889 
1-408-245-6678 in CA 
Fax: 408-245-8268 


Aa" 
„к= 
"I 


FREE! 


in g? Unlqu que › mer sure me ant = 
m Занев. Contac Ci у 
0 9n a fE si: 


.. The Solutions P 
Company! ° 


"T 


e ee ag 


a= э, 
л cu = کے‎ S i m T2 
— ань. » - „= — кишин — P = — 2 Ы. 


"Circle 191 on inquiry Card. 


Data Acquisition 
for Notebook PCs 


High-speed, PC parallel-port connection 
2-ch DIA & 16-ch, 100-kHz A/D 

32 digital I/O 

16 high-speed digital inputs 

5 counter/timer channels 

AC or battery operable 

MS Windows graphical software 


Ое 


(Otech, Inc. 25971CannonRd Cleveland, OH 34146 


(216) 439-4091 Fax (216) 439-4093 
vl َس‎ 
Circle 134 on Inquiry Card. 


FREE, 288 PAGE 
DATA ACQUISITION CATALOG 


AND REFERENCE GUIDE 
ІВМ PC/ET/AT, PSŽ, MICROCHANNEL 
COMPUTERS AND COMPATIBLES 
A/D Boards 
Signal Conditioning 
‘Communication 
PC Instruments 
Scientific Software 


METRABYTE 


O ATA д с аи з юв тз о м 


Circle 199 on Inquiry Card. 
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24-BIT A/D 7 


CONVERTER 


Programmable data rate, 
gain and filtration 
Optically isolated 
RS232 serial interface 

* 20 digital VO lines 
800-321-5355 . Coo banen powered 
With PC/XT/AT software 


$495 


Money back guarantee 


Lawson Labs, inc. 
74 4th Ave. NW 


406 257-5355 or FAX 257-5572 
Kalispell, MT 59907 


Wa manufacture a broad line of data acquisition products. 
Circle 198 on Inquiry Card. 


The ШЫНЫН: sar aici ENSE ies — A 


DAP 3200e™ Data sien uisition Processor" 
Analog 1/0 to 330K samples per second Digital Signal Processing up to 16 MIPS 
Digital 1/0 to 2M samples per second 10-24 MHz CPU with up to 4M DRAM 
Up to 512 analog inputs on one DAP 20-32 MHz DSP with up (о 98K SRAM 
Up to 128 digital inputs/outputs DAPL™ Operating System 
12-bit or 16-bit resolution ADCs a 100+ standard commands 
FFT and FIR-filtering with on-board DSP ¢ Custom commands in C 
CPU: i186 or i486 LABORATORIES 
2265 116th Avenue NE 
Send for FREE catalog and demo diskette. 


Bellevue, WA 98004. 
Or call us at (206) 453-2345. FAX (206) 453-3199 


The Classic Color Trasportable P PC 
* Available in 486-33/50/66 system or in a SKD enclosure 

e Build-in 10" color SVGA SONY Trinitron monitor 

© 6 Slots with 3 full 3 half arrangement 

• 2x 5.25" DD and 1 x 3.5" HDD bay 


zs 
| AM 
a і 
Trans 2000, Inc. 


11858 E Washington Blvd. Suite A, Whittier, CA 90606 
Tel: 310-908-6814 е — Fax 310-908-6819 


Circle 237 on Inquiry Card. 


ш М 


| F [| 


| including a Philips CDD-521 wr once rivo, 
| SCSI interface card, cable, software for CD- 
ROMA and CD-Audio and 5 Blank discs. 


7 COMPLETE SYSTEM 
PRICE $6495 
214-380-0126 

FAX 214-380-4506 


2CD-ROM, LLC 
4819 Keller Springs Rd. 
Dallos, TX 75248 


Circle 238 on Inquiry Card. 


Disk & Optical Drives e Diskettes/Duplicators Disk & Optical Drives e Diskettes/Duplicators 


ISVIMOHS JYVMGYVH 


& powt big, тати, id hardwar 
ioms. interna prea 11812 Urva K 
oms, interna: AXO! IVE SC: = Dr 

ims, Interna 1 Maxtor IDE 

= 1 


11 14 
Sond ка ва р EPPO TTET EE 1 | 


b. 8.5ms, Interné Aper. 7 
1.296, 1283. i Toshiba SCSI Drive Kit. ad. E "Sd 


INTERNAL SUBSYSTEMS 


All subsysioms include drive, cartridge, 16-bi SCS! adapter, 
cablos ond docurnoeniation. External subsystems are 
FCC class B and UL approved. 


ACCESSORIES NO N 
SQ-3105A (105MB IDE Drive) ...$350 COMPUADDEXPRESS — [COMPUADD EXPRESS 


56-400 (44MB Cartridge) meia ^ $7795 Ic Hn 41495 
3 Casa 


• 9620/2 400bps Factviodem „ 9500220065 Fox 


56-800 (B8MB Cartridge) ........ | = DOSS 0 -Windows 3.1 Cosma Case «DOS 5.0 = Mingows 3 1. 
SQ-310 (105MB Cartridge) ...... 73 VE KIT 
16-Bif SCSI, IDE & Floppy Спі .. $150 t MODI 130mb/lems D€ 


emot 170mb/1?ms SCSI 
120mb/19ms 245mb/15ms 


CONTROL CONCEPTS, INC. ИзселетӘ | E даўтылдты 
(800) 922-9259 • Ext. 6444 hee بد‎ 340r/1 sms 


FAX (703) 876-6416 | P rE inna 645mb/10ms 


545mbp/10ms 
20mo/85ms "3 EI oe eee $ 1.20028 Sm 


3Отёб,40ту "n HARD DRIVE CARDS 
40mb/28ms v» OMDREM ......_........ —— 
80mop/19ms .... : с ә тол, m 
120тр}!9ту....... ; = VU 210mb/15ms . 
213mp/tóms ... E 340mb/15ms .. 


MANY BRANDS AND HARD TO FIND DRIVES IN STOCK 


„++ DISC DRIVE REPAIR PRICES 44% 


180 DAY WARRANTY ON ALL HD REPAIRS 


SCS] Vue Terminator | MFM, RLL, SCSI, IDE & ESDI INTERFACES 


High- Performance 


initia 


Active 


Regulation 
Йи» DATA RECOVERY SYSTEM / NOTEBOOK 
ПЕТЕ ТИТЕ REPAIR 


ald Cualaci $75 Evaluation Charge. Additional 
моні Contacts : iic nn ы Board = : From 555 
m кый Charges for Successful Recovery. From $75 


К Improves SCSI | el Fer Pricing 
Bus Performance | 


VGA Monitor Repair сае. ВЕРА ВОЙ 


LASTERCARD, AM e VE av EV ER Rone ا الق ا مف ا لی‎ © R, Pt O'S V JELC 


Less Errors; 
ren Reliable jb [TECHNOLGIES INC. rE 5105 Maureen Lano 
at | TOHNODGIES INC Moorpark, CA 93021 
Data Transfer TECHNOLGIES, INC. =r 
Diagnoses ORDER DESK FAX: 1805) 520.7712 
Problems & TECH SUPPORT 800-688-0908 PHONE: feos) 529-0908 
| Analyzes Signal Circle 195 on Inquiry Сага. 
patent pending Quality 


Victory Printing Disk Factory | 


SC © | Упе Cables | 800-727-DISK (3475) 


a! Fealures: 
ME © Diagnostic 
Indicators 
Triple Shielding 
Double Gold 
20u" Plated 
Connectors 
Extra Heavy 26 
Gauge Wire i 
Пеле» — | Automatically loads, formats, copies, 
5 Of verifies and PRINTS THE LABEL on 
M por Data Victory Sy 3.5 & 5.25 diskettes! 
Faster Enterprises ' Designed for ase with a network or 
Performance 223 We Anderson Fa. Suite B-300 any application tor distributing data. 
Test Cable Austin. Ts. 78752 Perfect for serializing or otherwise 
Integrity (51254581001 Fax 1812) 450-0569 identifying specifie disketles. 


Circle 227 on Inquiry Card (RESELLERS: 228). Circle 213 on Inquiry Card. 
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AX 1000 DISKETTE DUPLICATORS 
RAPID REPRODUCTION 


Simple Fast smart Reliable 


Formats,copies 

& verifies 

New High Speed 

Controller rd. 
to 180 1.44 


fhr 
,000Diskette 
Cycle 
liable Teac 


es 

ar warranty 
ept drives) 

ay warranty 
rives 


UNFORMATTEP] 3e0K 1.2MB] 720K] 1-44MB[ 28M. 
Time tor (Disk [405 | 685 | 0s | 805 | 85 


EUN IN 


AMANT IC 
CORPORATION 


4995 TIMBERLEA BLVD., UNIT 9 
MISSISSAUGA, ONT. L4W 259 


TEL: (905) 602 9270 FAX: (905) 602 9279 


Circle 185 on Inquiry Card (RESELLERS: 186). 


Popular 
Space-Saver 
Keyboard 


$98.00 


Saves 60% desk space. Foot- 
print 27.3 x 152 cm. 100 full- ans — 
travel tactilly responsive keys. Standard left-right spacing к= easy pai 
typing. IBM XT/AT PS 2 compatible. vii pa versions available. 


| Al | ig [m po ба 1 1 4 
T ] ) [ ! , 1 АТА A 


== amen п ш um us 155 Aviation Dr. rint VA 22602 
BA FRM T 1-703-662-1500 FAX 1-703-662-1682 
- VISA, MC, AmX ~ Auto-FAXed Specs FAX 1-703-662-1675 


Circle 190 on Inquiry Card. 


‘Sell. l your computer products: 
growing markets today! —— 
REA ae 000 LATIN AMERI 


‘BYTE Mexico 
n M n 
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pem POMÓIA 201 lots, [ 
14,4K Оа!а{Еах Mo odem., and 
DOCKING STATO vefvers unumited 


expandability to the SLT486DX note- 


book. The PCMCIA option adds two 
industry-standard Type Il slots and 
lets you plug-in expansion cards— 
Data/Fax Modem, Flash memory, 
LAN adapter, or even wireless com- 
munication. The Docking Stations 
features four 16-bit ISA expansion 
slots, two 5.25" drive bays, built-in 


E | 6 COLOR WORKSTAT 


Unique tri-speed motherboard design 
supports CPUs from 486DX/33 to 
486DX2/66 and beyond so you will 
never outgrow your SLT notebook. 
RAM is upgradable from 4MB to 
52MB {о satisfy tha most memory- 
demanding applications and a 
removable hard drive allows for easy 
storage expansion. 


of the fastest Д 


Ethernat adapter, and an electronic 
security system to protect both your 
notebook and your data. 


ARTI) 


1-800-88 AMREL AMRELTEÇHNOLOGY INC... 


Tel:(818) 303-6588 e Fax:(B18) 303-8538 
Circle 218 on Inquiry Card. 


Notebook Expansion 
Ihe Easy Way 


LapStation Expansion 
Systems and 
CableMate Port 
Replicators let you 
attach any desktop 
peripheral or PC 
enhancement card 
to your notebook in 
one easy step. 
Models with one fo 
seven slots and bays 
support most popular 
notebooks. 


a —‏ س ص = س 
xe ange conoration‏ ——— 
The Portable Peripherols People‏ 


4214 Wilmington Avenue / Salt Lake City, Utah 84106 
(801) 466-9797 FAX (801) 485-6204 Toll Free (800) 866-9797 


Circle 187 on Inquiry Card. 


Model J: 

For project 
design 

Model CFX: 
Universal Fax 
computer 


Very easy-to-use 4GL for different infor- 
mation processing 
» Development System on VGA PC for 
downloading the applications 
| DOS file system compatible 
| dbf, wk1, pcx, bmp, txt, etc. 
compatible 
| RS232, Modem, Fax, Infrared, Radio fre- 
quency links available 
| Very reasonable 


DIALOGUE TECHNOLOGY CORP. 

2nd FI., 38, Ching Shing Rd., Wen Shan District. 117, 
Taipei, Taiwan, R.O.C. 

TEL: 886-2-9327680 

FAX: 886-2-9317814 


Circle 235 on Inquiry Card. 


Keypad for 
Portable 
Computers 


Available in lvory or Black 


Boost data entry speed, accuracy and convenience 
with Genovation’s Micropad,™ the innovative 
numeric keypad for portable computers. 


Is the unhandy numeric section of your 
portable computer's keyboard dragging you 
down?....Give your productivity a boost by 
using our Micropad. The ergonomically 
designed Micropad is ideal for spreadsheet 
and accounting applications that require fast 
and accurate entry of numeric data. 

The Micropad attaches to the parallel port 
of any MS-DOS computer while providing a 
clean pass through connection to the printer. 
| Power usage is negligible. Lightweight and 
| | compact, the Micropad is fully compatible 


| | TOCOMPUTER 


TO PRINTER with and programmable under both DOS and 
17741 Mitchell, Nonh Windows. It is also available with connectors 
Irvine, СА 92714 USA — to fit keyboard and serial ports. 
TEL (714) 833-3355 
FAX (714) 833-0322 
(800) 822-4333 


GENOVATIONZ 


Circle 192 on Inquiry A 


| 


Board Only (You Solder) 


DIP to SIMM 


Call on Other RAM Conversions | 


Convert obsolete RAM into useful RAM 


NEW BOARD retrofits surplus memory into a SIMM module format 


DIP to SIMM SIP to SIMM 
Send Your SIP Modules 
& We Retrofit to SIMM $13.50 


$ 8.50 
Send your Chips (We Solder) S 13.50 


AUSTENIT сс sw Macadam - Portland, OR 97201 
24 Hr Fuxbak (503)452-0208 Ph: (5054528577 Fax: (5034528495 


Circle 236 on Inquiry Card. 


Ном Bios UPGRADES 


Na re DATALUX introduces its new high quality, high brightness color 
DES LCD monitor in the same case as the popular Monochrome version. 
«6410 X 480, 2% Colors, VGA compatible, 2 CCFT backlights 
* Driven by ISA Bus Controller Card, no external power supply, optional CRT output 
» Adjustable desk stand, folds for wall mounting or portability, 1.75Kg weight 
* 197 X 147mm display (9.4 inch diag), non-reflective glass face 
* Contrast ratia of 15:1. 200ms Rise and 150ms Fall ume 


FYE) | Monochrome version 640 X 480, 64 gray shades. 
! | Z a) | Wide viewing angle. 
Also Available 
e Mobile/Industrial model sealed against spills and splashes in rugged drawn aluminum 
housing with optional swivel mount 
* Touch Screen Version. Capacitive technology. Provides high resolution, fast response, all 
glass. scratch а ow clear sensor. 4 with built- -in ت‎ А and software, 


() - 4 ne | Q M. i3 


ali i-r TOI 
Tel: 1-703-662-1500 


l-a- T" Pi И м ww 
FAX: 1-703-662-1682 
AutoFAXed Specs: 1-703-662-1675 


155 Aviation Drive • Winchester, VA 22802 


Circle 189 on Inquiry Card. 
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Special Introductory Price 
32-pin version: $895 
48 -pin version: $1495 


To order, call: 
1- 800 -3 -D а talO, 


Ext. 911 
(1-800-332-8246) 


Also distributed by: 


Promark Еру West 
(1-800-227-3345) 


JDR Microdevices 
(1-800-538-5000) 


DATA L/O 


Circle 219 on Inquiry Card. 


Chiplab 


e Programs PLDs, PROMs, and 
EPROMs and microcontrollers 
up to 48 pins 

* Algorithm updates available 
via electronic bulletin board 


uP LC 


"High speed scan rate at a fraction of the рш. 
introducing our DWC Analog Controller only $269 


Hardware: 8 isolated 10 bi analog pula » 4 analog outputs + 2 1 
optically isolated diglial inpuls * 2 518101 З A rali outputs «2 | 
E outputs • or] «SABE » BK external + HAK 


= = 


ALL-07 В 


ЕШ ALL of your EPROM, PLD, GAL, FGPA, MPU, ТТІ... 
programming and testing needs with one unit! 

Supports virtually ALL , 
programmable devices. 
Supports DIP, PLCC, QFP, 
SOP, PGA ... up to 256 pins. 

E Gang programming 
option for production. 

| Free software updates via BBS. 
Algorithms approved by IC 
manufacturers. 


| 


J HI-LO System: TEL (610) 623-8850 | 
14368. GRIMMER B BLVD., FREMONT, са 94538 РАХ (510) 623-7260 | 


Circle 212 on Inquiry Card. 


« Excellent Support 
e From $159 Qty 1 
• New Keyboard 
Display Modules 1 
Use our Little Giant and Tiny Giant™ miniature ‘Weep 


controllers to computerize your product, plant or test Wi 
department. Features built-in power supply, digital ИО to 


e C Programmable 
* Data Acquisition 
• Control / Test 


48+ lines, serial 1/0 (RS232 / А5485), A/D converters to “© 

20 bits, solanoid drivers, time of day clock, battery backed "3% 

memory, watchdog, field wiring connectors, up to 8X 40 ~ 

LCD with graphics, and more! Our $195 interactive Dynamic C™ makes serious 
software development easy. You're only апе phone call away from a total solution. 


2-World Engineering 
1724 Picasso Ave., Davis, CA 95616 (916) 757- 3137 Fax: (916) 753-5141 
Automatic Fax: (816) 753-0618 (Сай from your fax, request catalog #18) 


Circle 217 on inquiry Card. 
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SPECIAL DEALS ON ® 


Avision puts the fut 
_ чыш ina compact cn 


> REG. 
A V 100 - AVISION Gray, Desk/Laptop Scanner 
600 DPI Built-in ADF, Direct print to Printer 
iPhoto Plus & OCR (Laptop adapter additional) 


AV680G - AVISION 256 Gray, flatbed scanner 
max. 1,600x1,600 DPI, Legal Size, OCR 


AV660C - AVISION 24-Bit, True Color Flatbed Scanner 
Max.1,200 DPI, Legal Size, iPhoto Plus & OCR . 


AV O80OC. - AVISION 24-Bit, True Color Flatbed Scanner 
Max. 1,600 DPI, Legal size, Image Pal & OCR 


AV80OO - AVISION Hi 
24 Bit, 1,200 DPI in Fla 


Flatbed Transparency Scanning Adapter f 


MOTHERBOARDS WITH CPU STARTING FRON $85.59 
y ч л TIFT TF ^N T Y PTS T T Г 


Sh Zeta 


s13 (X) 


$1,990. | 


sgo $1,7 


-speed (10ppm) pe 


d Image Fast $29 R00 SAS 


Ц 4 bw ) Р ы L 
A DIVISION OF LITECH CORPORATION 
^ D IDAE FOAM 890 (ESD 
А \ МОМ - SAT. 
LITECH CORP. * 614 N. MAIN STR. LOUISBURG, М.С. 22549 
TECHNICAL SUPPORT: 1-800-LITECH-5 


VAR and Dealers welcome” PHONE (919) 490-2669 FAX: (919) 496-7111 
VISION 19 THE REGISTERED TRADE NAME OF AVISION INC, * PRICES SURIECT TO CHANGE WITHOUT NOTICE. 


Circle 239 on Inquiry Card. 


9 Track/3480 Tape Subsystems 
1/4" DAT 8mm Optical 
Windows Software Now Available 


* Tape Backup and Restore 

* Make Your Own CD Rom 
with our CD ROM Maker 

* Optical Storage From $995 


CALL 1-800-938-TAPE 
Get The Very Best For Less 


Laguna Data Systems 
7340 Smoke Ranch Road, Suite C, Las Vegas, NV 89128 
Tel: (702) 254-2648 * Fax: (702) 254-0910 


Circle 197 on Inquiry Card. 


9-TRACK FOR PCs 
Eg ®®| Mainframe To PC Data Interchange 


Rock solid solutions, rock bottom prices. 
Direct from the manufacturer. 1600/3200/6250 bpi. 


e The most trusted nome in 9-frack, since 1980 
ә Powerful, easy-to-use software tools included 


TEL 619-571-5555 
FAX: 619-571-0982 
EUROPE: 

TEL: (+44) 734891891 
FAX: (444) 124831297 | 


Ask about 3480 with IDRC. 


Circle 201 on Inquiry Card. 


Desktop 9-Track Tape Subsystem 
#1-selling 9-track system on desktop. 


» Qualstar's low cost 1/2-inch 9-track Streaming 
tape systems bring full ANSI data interchange to 
IBM AT, PS/2 or Macintosh, giving your micro the 
freedom to exchange data files with nearly any 
mainframa or minicomputer in the world. 

Systems include DOS or Xenix compatible 
software, coupler card and cables. High reliability 
1600 or 6250 ВР! capability may be used for disk 
backup as well as data interchange. 


: Call us today! For details and 
[JUALSTAR М 


to order: Fax (818) 882-4081 
Phone (818) 882-5822 
9621 Irondale Ave., Chatsworth CA 91311 
©1989 Qualstar Corp. 


All product and company names and trademarks are the exclusive property of their respective owners. 
Circle 204 on Inquiry Card. 


PC/Mainframe/Mini Information Exchange 


‚ * Tape Transter and Format Conversion 
* EBCDIC ++ ASCII Data Manipulation 
* AS/400, TK50, and ж" QIC Drives 
* UNIX Tar and DEC Save Set Options 
* Reseller Inquiries Invited 
шекл " Tape Duplication 


' READ/WRITE 9-TRACK 
3480 * 8MM * DAT on 
YOUR PC NOW! 
(att Та... (507) 742-2077 or 


pyre 
УМ 1-800-248-3475 


/ CORPORATION Media Conversisn Systema Since 1973 


FAX: (317) 842-8294 
Circle 233 on Inquiry Card (RESELLERS: 234). 


HIWIRE? II Schematic 
and PCB Software 
With support for ex- 
panded and extended 
memory, HiWIRE 11 can 
handle your most de- 
manding schematic and 
PCB designs. The unique 
HiWIRE Il editor allows 
you to display and edit 
schematics and PCBs 
simultaneously, using 
the same commands for 


Wintek Corporation " 
1801 South Street each. HIWIRE II is $995, 


Lafayette, IN 47904 and is guaranteed. 
Call (800) 742-6809 
TAS*BUDS or (317) 448-1903 


MAWINTEE| ^ 


(800) 


Now you can run high speed 

data acquisition under TT 
Windows™. A Data Acquisition 82% 
Processor™ with on-board 
intelligence* handles the criti- 

cal part of an application: the 

tasks that run in real time. The 
DAP can be controlled from 

any Windows language or 
application that can make DLL 
calls. The one shown here is written in Visual Basic™ and 
uses only seven DLL functions. *i486 


————3 Phone: (206) 453-2345 
LABORATORIES” 


or fax: (206) 453-3199 


OLS Samir 


Only One Peer-to-Peer LAN 
Gives You Four Connectivity Options 
At One Low Price -- $99 Per Node! 


Only one peer-to-peer local area 
network offers you a solution that 
reflects the reality of business automa- 
tion: a mix of different cabling and 
connectivity options on one LAN. 

LANLUnk Professional gives you 
your choice of remote modem, or 
local ethernet, parallel and/or seria! 
connections in any combination on 
the same network. And you can 
connect PCs running DOS, Windows or 
PC-MOS® operating systems seamlessly. 

All this flexibility in one product from 
one company at one price: $99 per 
node. Plus you get rich networking 
features llke print spooling, NetBIOS 
compatibility and more. Call The 
Software Link today. 


Call (404) 512-0600 
Fax (404) 396-6628 


LANLINK 


PROFESSIONALI 


Modem Networking 


Ethemet Networking 


Parallel Networking 


Serlal Networking 


Dealer Inquiries Welcome 


eo and LA em a سل م‎ A vos ect fo change without Reni PC-MOS is a 
register Link is a trademark of The Software Link. 


Circle 210 on inquiry Card. 


DAQ Designer is a free software tool that 
helps determine which hardware and 
software combinations are best for your PC- 
based data acquisition system. DAC Designer 
will (1) ask questions about your application, 
(2) analyze your answers to determine your 
system needs, and (3) describe what 
hardware and software you need to develop 
your data acquisition system. 


National Instruments 


6504 Bridge Point Parkway 
Austin, TX 78730 
(512) 794-0100 * (800) 433-3488 


Circle 200 on Inquiry Card. 
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The TransTerm 5 is a work station data entry/display terminal 
for on-line shop floor data collection into PC/AT/PS-2 systems. 
The unit is one of a family of such terminals which feature LC 
displays for operator prompting and data entry via sealed touch 
keys or an optional barcode scanner or badge reader 
(Code39,UPC+). A multi-terminal network controller (up to 250 
stations) and a dBASE IV compatible software package are also 
available. System costs start below $300 per station. Options 
include display backlighting, barcode scanning, counter inputs, 
control output. 


COMPUTERWISE. 


302 N. Winchester « Olathe, KS 66062 
913-829-0600 • 800-255-3739 • FAX 913-829-0810 


Circle 188 on Inquiry Card. 


РСТЕХ 
Typesetting Software 


/ XYZ dt » (z* – i) X ; е | E 
mu id EX a / 23 уо J E Г d 
This complete typesetting system makes 
your books, manuals, articles, & math formulas 
look n best! 


| For a FREE CATALOG & DEMO DISK, cal 
Personal ТЕХ, Inc. - poem Mill Valley, CA 94941 


DUU/DUO-/ 900 
Fax: 415/388-6865 


Circle 202 on Inquiry Сага. 


TCP/IP 

Windows Developer's Kit 4 - 

* Binary TCP/IP Transport n, efe | 

* PDS for DOS A £^ АДАА € , [фи 044. 
* Windows Sockets API ==. у 


Development Components 


winsock.dil is a dynamic link library em which allows windows 
| perd to vi eiae M CPI The win 


build contain s the source anc 
| inde r che TH 


For More Information Call 
1 (800) 541-9508 
(805) 484-2128 - Fax (805) 484-3928 


Circle 221. on Inquiry Card. 
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b^ love iuro 105 your life. So.why get involved wita video 
editing system pue juive now, but can't accommodare. your 
needs in the future; an editing system that shows signs of age as soon as 
your entry-level video devices have to be upgraded’ 


The beauty of Amilink CIP for Windows citing seen Deci is that i's 
totally devoted to your career, AmiLink CIP for Windows has been 
cally designed to stay with you all the way no matter where iL all be 


The re ready to im abilities in character generation, . 
"Rl о 9 spec effets, A milik CIP for Windows will 
be at yi side, When vou m ا‎ i build your busi- 
пел» Ой larger. more sophisticate а reputation of 
ДУ the sume time, Айк CIP for Windows Windows will support estan 
every onc of your га ащы 


Not too surprising when you consider that Amilink CIP's pateris аге 
video. not computer people. AmiLink CIP for Windows is from 
RGB, the same company delivering pro-quality editing to pro-editurs and 

country. 


Video Toaster™ users all across the 


So shule Айак dealer call 
} ‘information bor Апак CIP for samme 
Tat wal never ket you down. 


бею mation call 1-800-535-7876 ог write 1o: _ 
y 4152 Boe orn Bhd Site. 118 Riviera Beach, FL 43404 


3 RGB Computer & Video, In 
| Om m7 E 
ү тс pep moe: | | 


Circle 206 on Inquiry Card (RESELLERS: 207). 


ЕА 


PA 


Scientific Graphs and Statistics 
Advanced Capabilities in a next generation Call Now: 517-339-9859 
product. Used and tested by over 25,000 : 
scientists and engineers worldwide 


Error-free performance, total control and 
flexibility, hundreds of templates and samples, 
full support for all types of data files, ease of 
use, and free tech support make Plot-IT 3.0 
your best scientific graphing software choica. 


We are so confident you will find Plot-[T 3.0 for 
WINDOWS to be an indispensible research 
tool, we offer a 60-day money back guarantee. 
ж = 
HL 


SLIENTIFI 
ЕЕЕ ЯЯ - 
ETERRA SES | | 
PO, Box 665 * Haslett, MI 48840 


ААЦ ROA 
Am c "OFFI 


са "E od rinay Card. 


THE BUYER’S MART 


A DIRECTORY OF PRODUCTS AND SERVICES 


THE BUYER'S MART is a unique classified section or- phone and fax number. 2"x2%" ad has more space for RATES (Jan. 1994) 
ganized by product category to help readers locate sup- descriptive text (850 characters 18 the maximum recom- Ма ДИА. " i „Ж 
pliers. Each ad has Inquiry numbers to aid readers re- mended). отд" 


questing information from advertisers. DEADLINE: Ad copy is due approximately 2 months — ag $696 $668 $585 $557 
AD FORMAT: Each ad will be designed and typeset by prior to issue date. For example: November issue 2 ads/issue а - 557 529 
BYTE. Do NOT send logos or camera-ready artwork. closes on September 8. Send your copy and payment 3 ads/issue = - 529 501 


Advertisers should furnish typewritten copy. 2"х1'/." to: THE BUYER'S MART, BYTE Magazine, 1 Phoenix  2"x2*&" 

ads can include headline (23 characters maximum), de- Mill Lane, Peterborough, NH 03458. For more infor- 1ad $1,392 $1,336 $1,170 $1,114 
scriptive text (300 characters is the maximum mation call: Margot Gnade at 603-924-2656. 2 ads/issue = - 1,114 8 
recommended) plus company name, address, tele- FAX: 603-924-2683. Jads/issue — — - 1,058 1,002 


ACCESSORIES BAR CODE BAR CODE 


RADIOACTIVE? 


Plot it on your PC with The НМ-60 RADIATION MONITOR 


tracking RADON GAS. Find sources. New: Version 3.1 
+ WINDOWS, Piot * Background » Cosmic Rays * Clouds * Foods 
Cal Write for PC MAGAZINE review. • TSR * GM Tube 
VISAMC/EURO | Phone orders. Not satsfied? Full refund. 


800-729-5397 or Tel/Fax: (302) 655-3800 
Aware Electronics Corp. 
P.O.Box 4299, Wilmington, DE 19807 $149.50 


How's your MonKeyMouse™ 7?! 


Your MONitor, KEYboard, and Mouse can be much 
more effective!!! Control more than one PC/Server 
with a single MonKeyMouse™!!! Use two, 4, or even 
8 MonKeyMouse™ units on a single PC/Server!!! 
Locate your MonKeyMouse™ up to 80m (250ft.) from 
your PC/Server!!! 220V and 110V available. 


CR International, ALABAMA, USA 
FAX: 1 (205) 461-9762 


Inquiry 651. 


KEYBOARD, VIDEO, MOUSE, AUDIO 


Extend signals from PC with EXTENDER 
Split signals with COMPANION/PC EXPANDER 
Switch signals among PCs with COMMANDER 


Boosts signals up to 600 feet, Control up to 96 PCs 
with one keyboard, monitor and mouse. 
CYBEX CORPORATION 
4912 Research Dr., Huntsville, AL 35805 
Phone: 205-430-4000 Fax: 205-430-4030 


Inquiry 652. 


BAR CODE 


Portable Reader 


* АА Battery Operated, 64K or 256K 


Prompt Operator with your prerecorded voice 
messages for data entry and error messages. 


4x20 Supertwist LCD Display, 36 Rubber Keys 
Real-time Clock Built-In for Date/Time Stamps 
2 Built-in Inventory Programs 

3 User Defined Programs, & 3 User Data Files 
Wand, CCD, or Lasar Scanner Input 

Doubles as Non-Portable Reader 

Serial Interface and Keyboard Interface 

Reads 2015, UPC/EAN, 128, Code 38, atc. 
Uploads with fumished Programs or Xmodem 
2 year Warranty on Reader & Wand 

* 30 Day Money Back Guarantee 

ж ВАК Complete with Wand and Voice— $799 

* New Smaller Size — weighs only 12.5 oz 
Worthington Data Solutions 


3004 Mission Street, Santa Cruz, CA 95060 


408-458-9938. FAX 403-458-9964 800-345-4220 


x 


++ + + *ox* ox ox ox x 


Bar Code Readers 


For PC, XT, AT, PS/2, Macintosh 
and Serial Terminals 

Attaches as 2nd Keyboard or to any ADB port 

Reads 2015, 128, UPC/EAN, Code 39, etc. 

Extemal or Internal attachment on PC 

Wand, CCD, Slot Badge, Magstripe or Laser 

Two Scanners per Reader 

100+ Conflgurable Options 

2 Year Warranty, 30 Day $ Back Guarantee 

Direct From Manufacturer 

* Top Rated by Independent Review 

* Complete with Laser Scanner — $1250 

* Complete with Stainless Steel Wand — $399 


Worthington Data Solutions 


Swiss Office 3004 Mission Street 
Rütistrasse 6 Santa Cruz, CA 95060 
CH 9050, Appenzell Switzerland 408-458-9938 


071 87 5117 FAX 800-345-4220 


071 87 61 15 Phone 


¥ * X o ¥ tH ¥ 


Labeling Software 


On EPSON, !BM, OKI, or LaserJet. Easy 
WYSIWYG design. Any format/size. Up to 120 
fields per label. 18 text sizes to 3" -readable at 
100', AIAG, KMart, Sears, MIL-STD, Penneys, 20f5, 
128, UPC/EAN, Code 39. File Input & Scanned 
PCX graphics — $279. Other programs from $129. 


Worthington Data Solutions 
(408) 458-9938 800-345-4220 


Bar Code Printer & Software 


Allagro Thermal Transfer Printer-2" per sec 
speed. Up to 4" label width—Only 20 Ibs. weight- 
Prints UPC/EAN, 2015, UCC-128, Coda 39, 128 – 
Prints scalable text and PCX graphics with bar 


codes — Packaged with LabelRIGHT Software, 
serial cable, ribbon and labeis-Complete-$1895 


Worthington Data Solutions 


(408) 458-9938 (800) 345-4220 


YOUR SALES MESSAGE 
about the special computer product or service 
that you provide belongs in print 


THE BUYER'S MART 


can help you reach computer professionals and 
produce valuable inquiries for your company! 


ca Margot Gnade tec more intormation 
603-924-2656 


Fax: 603-924-2683 


Inquiry 653. 


Portable Bar Code Reader 


» Use as a PORTABLE, WEDGE, or SERIAL 

» 9V Battery Operation with Lithium Backup 

» 2x16 Supertwist LCD Display 

» 54 Kay Keyboard with Separate Numeric Keys 
> Realtime Clock Supports Date & Time Stamps 
» Reads all Popular Bar Codes (16 types) 

» Wand, CCD, Laser, or Serial Input Devices 

» Built-In Program Generator 

» Create Your Own Custom Programs 

» 6 Bullt-In inventory Programs 

» Up to 250 Programs Can Reside in Memory 
> Create up to 250 Data Files per Program 

» Up to 250 Look-Up Files in Memory 

>» Built-In Calculator 

» Supports HAYES Compatible Modems 

» 64K Memory with Data Compression 

>» 30-day $$ Back Guarantee ~ 1 Year Warranty 
» Completa Unit with WAND Scanner ~ $795 


AMERICAN MICROSYSTEMS 
2190 Rega! Parkway, Euless, TX 76040 
(800) 648-4452 (817) 571-9015 FAX (817) 685-6232 


BAR CODE READERS 


For PC, XT, AT, PS/2, & Serial Terminals 
» Emulates Keyboard: Works With Any Software 
» Data Appaars as Keyboard Input 

» Uses Enhanced Decoding Algorithms 


» Accepts Wand, Slot/Badge, CCD, Laser, 
Magnetic Stripe Reader, & RS232 Serlal Input 


» Reads All Popular Bar Codes (15 types) 

» Reads HIGH, MEDIUM, & LOW density codes 
» Auto-Discriminates Between Bar Code Types 
» Easity Programmed with a Bar Code Menu 
» Over 140 User Configurable Options 

» Daisy Chain Up to 96 Readers 

» Supports NOVELL Networks 

» Supports US & INTERNATIONAL Keyboards 
» Direct From Manufacturer 

» 30-day $$ Back Guarantee, 1 Year Warranty 
» Completa Unit with LASER Scanner — $1095 
» Completa Unit with WAND Scanner — $395 


AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 


(800) 648-4452 (817)571-9015 FAX (817) 685-6232 


CREATE BAR CODE SYSTEMS 


Data Harvester Developer's Version can put hand. 
held portable bar code data collection in your 
application. Generate &ystem to scan, validate entries 
(lengths, types, etc.) and communicate data to PC. 
Format data for your software. Easy to use. No 
programming. Supports many portable terminals. DOS 
& UNIX, 


AccuScan, Inc. 


PO Box uo Conyers, GA 30208 


04) 922-1220 
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BAR CODE 


Bar Code Printing Software 
LabelWorks for Windows 
» Prints all Popular Bar Code Types (19 Types) 


» Desktop Publishing Features: WYSIWYG, 
Scalable Fonts, Rulers, Guides, Lines, Shapes, 
Page Zooms (25925-40096), Templates 


» Rotates Text, Bar Codes, and Graphics 
» Supports Windows Compatible Fonts 


» Choose From Over One Hundred Popular 
Label Formats or Design Your Own 


» Rich Text Support: Mix Stylas, Types, & Sizes 
» Automatically Prints Serlal Numbers 


» imports & Exports Graphic Files: 
TIFF, GIFF, BMP, PCX, WPG, WMF, TARGA 


>» Supports Virtually all Windows Compatible 
Printers (PostScript, Laser, & Dot Matrix) 


» 30-day Money-Back Guarantee, $295 
** CALL FOR FREE DEMO SOFTWARE *** 


AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 


(800) 648-4452 (817) 571-9015 FAX (817) 685-6232 


SCANNER SALE 


* Stainiess Steel Wand widecoder $249 

* 3" CCD w/decoder $599 

* 182000 Laser w/decoder $999 

* Badgo Slot w/decoder $374 

* Mag Stripe Encoder/Reader (1.2 or 3 tracks) $999. 
* Windows Print or Read Software w/HP $249+ 

a POS Products • 1-5 YR WARRANTY * USA Made 
* DisUDealor Discounts • SPANISH Dept. avail. 


BARCODE INTERNATIONAL SYSTEMS (BIS) 
12140 Sevem Way, Riverside, CA 92503 
(909) 270-0016 • (800) 653-4252 • FAX (909! 270-0920 
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NEED A ONE STOP SOURCE 


FOR YOUR BAR CODE SOLUTIONS? 
NO PROBLEMI WE OFFER Quality * Perlormance * Valua 
A full lina of READERS • PRINTERS » PORTABLES • BAR 
CODE READERS FOR NOTEBOOKS + HEWLETT-PACK- 
ARD SCANNERS » MAGNETIC STRIPE READERS. Our 
readers plug and play wth your existing system without add- 
ona! software, CALL ABOUT MR 30 DAY GUARANTEE * 
TECHNICAL SUPPORT * OEM/VAR DISCOUNTS. 

INTERNATIONAL TECHNOLOGIES & SYSTEMS 
Eastern USA (800) 826-1688 72-0138 Intl. 
Western USA 000 5 9487 t4. 2n. 0357 Fax 
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PC BAR CODE SPECIALISTS 

Bar code readers designed for fast, reliable, cost- 
effective data entry. Thay emulate your keyboard, so 
data looks just like it was typed in! Choose from 
stainless steel wand, laser gun, CCD, and magnetic 
stripe scanners. Also, powertul label printing 
software. Great warranty. Generous reseller 
discounts. 30-DAY MONEY-BACK GUARANTEE. 


Seagull Scientific Systems 
15127 М.Е. 24th, Suite 333, Redmond, WA 08052 
1-800-758-2001 206-451-8966 


DATA INPUT DEVICES 
Bar Code, Magnetic Stripe Readers for microcomputers 
& terminals, including IBM PS/2 & others, DEC, 
Macintosh, AT&T, CT, Wyse, Wang. Ali readers connect 
on the keyboard cable & are transparent to all software. 
UPC & 39 print programs, magnetic encoders, & 


portable readers are also available. 


TPS Electronics 


4047 Transport, Palo Alto, СА 84303 


415-856-6833 
1-800-526-5920 


ink: BARCODE 
FAX: 415-856-3843 
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VARIANT MICROSYSTEMS 
BAR CODE READERS DELIVER 
WAND/LASER/MAGNETIC CARD CONNECTIVITY 
» Keyboard wedges (Intemal/Extemal) for IBM PC/XT/AT, 


Discounts 
46550 Fremort Blvd, Sule 105/ Fremont, CA 94538 / (510 440-2870 
B00-666-4BAR FAX: (510) 440-2873 
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BBS INCOME 


Free Report on how to go from 
$0 to $3,000 per month in BBS 
income in as little as 90 days! 
This valuable report outlines powerful marketing 
secrets to help you — find new subscribers, collect 
top dollar fees, get frea d чы credit cards, 
plus much more. Limited quantity 


InfoLink - 1 (619) 228-9653, FAX 1 (619) 369-1185 
56089 29 Palms Hwy. Ste, 254-BY 
Yucca Vatley, CA 92284 
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MARKET TO EUROPE! 


The BYTE EURODECK 
offers you 
a unique opportunity 
to sell 
your computer products to 


BYTE's 


50,000 European Subscribers! 


Call Joseph for more info! 


(603) 924-2533 
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CONTOURING MOTION CONTROL 


FROM A PRINTER PORTI 
Indexer LPT™ software $249 

NEW VERSION 3 VISA/MC 

• Controls up їо six step motors simultaneously. 

* Linear and Circular Interpolation. 

* New features to accommodate machine control. 

* Easy-to-use DOS device driver Super Manual. 

« CAD-CAM interface available, 

1422 Amotd Ave. 


Ability Systems Fasi Pa от r$ ean 
FAX (215) 657-7815 
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3-D CAD-CAM - $495 Special 
Power packed BOBCAD-CAM loaded with time a features is tne 
prelerred choica in the industry. Autometic fillets, nesting, 1000x 
zoom, verity data, mactinabia fonts, Autozad™ interface, calculator, 
tool path simulation, cutter compensation, macros, editing functions 
- a a few of the many features available Used on all types of 
G-code machines it also posis tà the Indexer-LPT diractty 


PC-CNC Bench Top Mill - $3,500 
9x6 x 6.5 - The M-1000 ts perfect for small parts manufactunng. 
prototyping, jewelry making ала engraving 
BOBCAD-CONTHOLS  8am-6pm PST 
BOO 501-2886 310 397-6262 310 397-6876 (FAX) 
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ж TOSHIBA * TEXEL + TEAC `k 
ж SCS! INTERFACE: TRANTOR :k 
Ж MEDIA VISION Ж 
* WIDE SELECTION OF CD-ROM TITLES 
• CD-ROM CADDIES AND ACCESSORIES 


Computers at Large 


Dedicated to CD-ROM technology. 
PLEASE Cait For Oun Paice List 
800-642-4194 • 408-255-1081 


Fax 408-255-2388 VISA & MasterCard accepted 
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OPTI-CDcache™ 


Improve CD-ROM workstation performance! 
Only $89! 

OPTI.Dcacbe"* takes advantage of Extended Memory (XMS) to 
cache CD-ROM data. Retrieve data from a high speed cache 
instcad of directly from the CD-ROM drive and significanth 
improve your CD-ROM workstation performance! 

Ask for our free catalog of exciting CD-ROM products Including 
the market-leading OPTI-NET* CD-ROM networking software! 


ONLINE COMPUTER SYSTEMS, INC. 


A member of the Recd Eisevicr group 
FlashFAX Info Hotline 301-601-2120 
301-428-3700 or FAX us at 301-128-3704. 
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New and Updated CDROM Titles 
Ска MS Windows CDROM, Thsnds of Windows proms ..$29.95 
Giga Games CDROM, Games for DOS/Windows...............$39.95 
Space and Astronomy, ThsndsNASA images/data ............ 

C Users Group Library, C source code 
Simtel MSDOS CDROM, DOS Shareware/Freeware 
QRZ Ham Radio CDROM, FCC Callsign Ob & Shrwar. ..... 


Source Code CDROM, 650 Mb source, DOS/UnIx 

Gutenberg Project, Literature and docs 

Linux Operating Sys. 386/485 OS, X11, full src................ 

Libris Britannia, MSDOS TecivSci/Engineer 

X11RS/Gnu COROM, Full sre, SPARC binaries 

Nebula tor NeXTSTEP, Proms for Intel NeXTSTEP 

Ada Programming COROM, Compilers, source, docs ......... 

Aminet COROM, Amiga Shareware/Freeware 

CDROM Caddies, Lifetime Guarantee ................................ $4.95 
Top quality COROMs. 100% satisfied or full refund. 


WALNUT CREEK CDROM 
4041 Pike Lane, Ste D-211, Concord, CA 94520 
1-800-786-9907 Visa/MC AMEX, Fax: «1-510-674-0821 
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CELLULAR PHONES 


TWO CELLULAR PHONES 
WITH ONLY ONE NUMBER 


Our cellular software will allow you to 
change phone numbers and elec- 
tronic serial numbers on 


MOTOROLA * MITSUBISHI * PANASONIC 
NEC * RADIO SHACK * NOKIA 


WHY PAY TWO CELLULAR BILLS? 
Put the same number on as many 
phones as you likel 
Only $495! 

We can also sel you a hand held 
cellular phone with your existing 
number for only $395.00! 


Cellular Press 
421 N. Rodeo Dr. 415318, Beverly Hills, CA 90210 
Phone: 310-289-2174 
Fax on Demand: 305-346-7674 


Call from your fax handset and follow the voice 
prompts to receive complete technical specifications 
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COMMUNICATIONS 


PC VOICE MAIL KIT $1795 

* Voica Processing on your PC * Software and 4 
line board included * Order Taking • AUDIOTEX e 
Voice Messaging * Never miss another call! * 
HUNDREDS OF USES * Don't pay $1,000s 
CALL TODAY FOR Free DETAILS • 2 yr warranty 

Amerifax Services Corp. 

572 W. Market St. #5, Akron, OH 44303 

(216) 253-8787 » (216) 762-6050 Demo 


DATA/DISK CONVERSION 


THE #1 CHOICE 
in disk & tape conversion 


for many feading corporations, government agencies, 
law firms, and companies in every indust wide. 


Free test » Satisfaction guaranteed 


Graphics Unlimited Inc. 
3000 Second Si. North, Minneapolis, MN 55411 
(612) 588-7571 FAX: (612) 588-8783 

1-800-745-7571 


FLOPPY DISKETTE 


3.5” FLOPPY DISK 
RELIABLE & DURABLE 


e We are a manufacturer under the licence 
of Sony corporation. 

+ Our disks are all 100% Tested & Certified 
Error Free with guaranteed Clipping Level. 

* Available products: 2HD, 2DD, Clam Shell. 

* Our own brand MEGA and OEM or bulk 
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COMPUTER INSURANCE 


INSURES YOUR COMPUTER 


SAFEWARE Computerowner's coverage provides 
replacement of hardware, media and purchased 
software. As lite as S49 a year covers accidents, 
theft, power surges and more. One call does h all, 


1-800-800-1492 
SAFEWARE, The Insurance Agency Inc. 


PO Box 02211, 2929 N. High St., Columbus, OH 43202 
Now available [n Ontario!!! 
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CROSS ASSEMBLERS 


Cross Assemblers ^ 
Simulators given 


Disassemblers 6. 290 


PseudoCorp “ 


716 Thimble Shoals Blvd. Newport News, VA 23606 
(804) 873-1947 Fax (804) 873-2154 
BBS (804) 873-4838 
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DATA CONVERSION 
Tape & Optical Data Recovery 


Any Tape, Optical, Cartridge of any format whether 
partially overwritten or damaged, Vogon the world 
leaders in Tape & Optical Data Recovery can recover 
any data anywhere on the surface. Recoveries from 
1/2", 1/4", DC2000, 4mm, Втт Exabyte, DEC TKxx, 
3480, Worm, Magneto Optica! etc. 


VOGON International Ltd. 
USA: 405-321-2585 Fax: 405-321.2741 
UK: +44 (0) 734-690042 Fax: *44 (0)734-890040 

Conversion & Duplication Systems & Bureau 
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DATA RECOVERY 


Data Recovery & Repair 
e High Success Rate/Fast Turnaround 
* 24 Hour Service Available 
* Lowest Prices on Disk Drive Repair 
• Clean Room 
We Repair MFM/RLL/SCSI/ESDI/IDE 


AA Computech, Inc. 
28170 Avenue Crocker Ste#105. Valencia, CA 91355 
(800) 360-6801 (805) 257-6801 Fax (805) 257-6805 
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Ontrac 
DATA RECOVERY 


*Professional service recommended by major hard 
drive manufacturers • Expertise in virtually every 


operating system & media storage device * 24-hour 
Support with weekend, priority, & on-site service 
available « For fast, successful results, call; 


MN:1-800-872-2599 * СА: 1-800-752-7557 
UK: 44-81-974-5522 • GERMANY: 0130-815-198 
. Hasdqua ] Bury Drive, Eden Praine, MN 55346 
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CONVERSION SERVICES 
Convert any 9-track magnetic tape to or from 
over 5000 formats including 3%", 5%", B" disk 
formats & word processors. Disk-to-disk con- 
versions also available. Introducing CD-ROM 
conversions. Call for more info. 

Pivar Computing Services, Inc. 
165 Arlington Hgts. Rd., Dept. #8, Buffalo Grove, IL 60089 
(800) Convert (708) 459-6010 


DISK DUPLICATION 


FULL SERVICE DISKETTE DUPLICATION 


* All disk formats, 100% virus checked 
* Available in a variety of colors 

* Custom silkscreening 

* Bulk diskettes also available 


Manufacturing diskettes in the U.S. since 1978 


Syncom Technologies, Inc. 
1000 Syncom Drive, Mitchell, SD 57301 


1-800-843-9862 
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E-MAIL 


WEEMAIL and Tickles! 


Simple and inexpensive E-Mail 
and personal planning "Tickler" 
One Price for any size network - $149.00 
Unique screen handling — 
quicker and easier then even a mousel 
Works on any Netbios network 
e Call for a FREE sample disk 


W.E. INC. 
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EDUCATION 


B.S. & M.S. In COMPUTER SCIENCE 
The American Institute for Computer Sciences offers an In- 
depth home study program lo eam your Bachelor of Sclonca 
and Master of Science degrees in Computor Science at 

. B.S. subjects covared are: MS/DOS, BASIC, PASCAL, 
C. Filo Processing, Data Structures & Operating cyctomo 
M.S. program includes subjects in Software Engineering and 
Artificial Intelligence. 


AMERICAN INST. for COMPUTER SCIENCES 
2101-BY Magnolia Ave. South, Ste. 200, Birmingham, AL 35205 
800-767-2427 205-323-6191 


(800) 900-9064 


ETHERNET TEST EQUIPMENT 
ETHERNET TEST EQUIPMENT 


J you are interested in the 38 manufacturers of 75 network 
monitors, protocol analyzers and cable testers, call Quick 
now. 

You wil! receive by fax, at no charge, all 36 suppliers" 
product names, locations, 800, fax and other access 
numbers and who to ask for in thelr sales, marketing and 
technical support departments. Most product brochures are 
available as well. 


(702) 747-0219, ext. 75 


Quick Source 
impartial, Current, Quick, Complete 
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are also available. 
• Duplicator & wholesaler are welcome. 


INMARK IND. LTD. 
HK) 


1A Man Foong Industrial Bldg. 
7 Cheung Lea Street 
Chai Wan, Hong Kong 
Tel: (852) 558-2203 Fax: (852) 897-3700 


YHC CASSETTE IND. LTD. 
(TORONTO) 


75 Saintsbury Square, Scarborough 
Ont. Canada M1V 3K1 
Tel: (416) 321-1179 Fax: (416) 321-8451 
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FLOW CHARTS 
FLOW CHARTING 3 
‘sat iar 

, E N fonts ғ line atyles 
| Call for frog demo disk! 


PATTON & PATTON — 00525-0062 ext. 1317 


Software Corporation 485 Cochrans Су, Morgan Hill, СА 95037 
Sae our ad on page 248 


Inquiry 680. 


WINDOWS FLOWCHARTER $129 


RFFlow 2.0 is a professional drawing tool for 
flowcharts & org. charts. Requires Microsoft Win- 
dows. 100 shapes auto adjust in size. Diagonal 
lines and curves. Auto line routing and re-routing. 
Click on a shape to bring Yg a sub-chart. Move 
ony ha other apps. via the Clipboard. Call for free 
ria! disk. 


RFF ELECTRONICS 
1053 Banyan Court, Loveland, CO 80539 
Phone: (303) 663-5767 FAX: (303) 669-4889 


HARDWARE 


Pre-Owned Electronics, Inc™ 
THE Independent Provider, serving the Dealer, 
Professional, Corporate, Government, and 
Educational Buyer since 1985 
APPLE 11° & MACINTOSH? 
SYSTEMS * PARTS * EXCHANGE REPAIRS 


Call for a Catalog. 800-274-5343 
INT'L: 617-275-4600 * FAX: 617-275-4848 
205 BURLINGTON ROAD • BEDFORD, MA 01730 
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HEWLETT-PACKARD 
Buy — Sell — Trade 
LaserJet ColorPro 
DeskJet DraftPro 
RuggedWiriter DraftMaster 


Electrostatic Plotters DesignJet 
HP 9000 Workstations and Vectras also available. 


Ted Dasher & Associates 
4117 Second Ave., S. Birmingham, AL 35222 
Phone: (205) 591-4747 Fax: (205) 591-1108 
(800) 638-4833 
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LE 


.THE BUYER’S MART 


NEW! 2 /1 20МН: 16-bit FORTH Singie Board 


Controller with 8ch 10-bit A/D, 3ch 8-bit D/A 
TO$2020 FORTH CONTROLLER AND DATA-LOGGER-4"x3* board uses 
6-bà H3512 CMOS pP. Screams along at 


"zi in PC se 10 ме Ite woe 

wi t ine contro 

об, remote monitonng, etc. $299 (255 TER PAK a con. 
CALL NOW FOR DETAILS! Sale-or-retum 

Saslig Company ut ш 
European Techno : (716) 425-3835 


T | 
Pr m 


Т 
a Mi. Hi nE н, 


SCIFOK™ EMBEDDED COMPUTERS 

ae Coprocessor Boards: 15 MIPS avg 50 MIPS burst. 
the 5С32 32-bit CPU or ine 16-bà Harris ATX 

we pace وی‎ pon role ЭС: 18 MPS кул) MIPS bum. 


ат 
Stand-Alone Board Computers: 
using either 


or 100x 100mm жтт 


"А ba lea 


SILICON COMPOSERS INC (415) 961-8778 


American Technology 


The $25 1 Network 
Try the 1st truly low-cost LAN 


e Connect 2 or 3 XTs, ATs, 386s, 486s 

• Uses serial ports and null modem cable 
e Runs at 115K baud - approx 8500 bytes/sec 
* Runs in background, totally transparent 
e Share disks and printers, etc. 

* Needs only 15K of RAM 


Little Big LAN 


The most flexible network 


* Peer to Peer LAN to 250 nodes 
* $75 total software cost, not per node! 
* Link via serial, parallel, or Arcnet 
* Link via Ethemet or Modems soon 
* Mixed mode routing 
* Typically only 35K of RAM 
Skeptical? We make believers! | 
Information Modes 
Р.О, Drawer F, Denton, TX 7 


Tech 817-387-3339 Orders 800 800-628-7992 | 
Hours 1-5 Mon/Wed, 9-5 Tue/Thw/Fri CST 


"Auto e SET 


Car adapters avallabla for most portable computers and 
printers, Proprietary designs from Empire Engineering, 


through distribution, or OEMs. 
* Small package with high efficiency 
* Plugs between computer and lighter receptacle 


* $80 to $129 * Designed and made In USA! 


Custom adapters designed for OEMs « Serial interface cards 
for Texas instruments, Toshiba, and Everex/Sanyo. 


Empire Engineering 
California U 
tel 805/543-2816 fax 605/543-2820 
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| SCIENTIFIC SOFTWARE 
Scientific & Technical Software 


Free catalog 
Call 1.800.622.3345 


SelTech is your source for the best value in scientific and 
technical software, More than 750 products. 
1.312.472.0444 
FAX 1.312.472.0472 


2231 М. Clybourn Ave. 
Chicago, IL 60614 
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SECURITY 


FIGHT PIRACY! 

* EVERLOCK3.0 * 
SOFTWARE COPY PROTECTION 
New Option Board Sale-New Remote Registration 
New CPU LOCK-CO ROM LOCK and more 


ж EVERKEY HARDWARE LOCKS ж 
Az-Tech Software, Inc. 


201 East Franklin, Richmond, MO 84085 
(B18) 778-2700 
FAX (818) 776-8398 


Call fora 
FREE 
Demo (800) 227-0644 
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| 
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| SERVER MIRRORING _ 


ШИ MAD on 


TTE ULTIMATE SOFTWARE SECURITY 


® شل‎ Т family - UNCOPIABLE copy protection 


© STOPVIEW software encryption 


i pport 
@ No source code changes required - «for ANY of our prod- 
ucts in ANY environment 
@ Our products destroy ALL of our competition 
Ө Call for FREE demo dak, or to discuss our products" 
MANY 


BBI Computer Systems, Inc. 
14105 Hentage Lane, Silver Spring, MD 20906 
B0Q/TRY-ABBI * 800/879-2224 391/871-1094 • FAX:301/460-7545 


Cop’s тагу: i 
The professional software protection with 
TRUE Machine Install. Option Board safe. 
OS/2, Networks, Windows, and Trace 3020. 


LINK Computer 


Int'l: + 45 31232350 Fax: + 45 31238448 
US/CAN: 408-729-8162 FAX: 408-923-7061 


KEY-LOK": SECURITY 
Piracy survival 11 years proves effectiveness | 
of powerful! multilayered security. Algorithmic 


response. Programmable memo conom- 


ical. Transparent to PARALLEL/S RIAL ort, 
Counters/Real-Time-Clock. Multi-pro uct/ 


feature licensing. DOS/UNIX. Also, access 
control system and diskette drive locks. 


MICROCOMPUTER APPLICATIONS 
3167 E. Otero Circle, Littleton, CO 80122 
(303) 770-1917 FAX: (303) 770-1863 
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Ji 


NoxStop Networ 
The software solution to provide full 
Level 3 Fault Tolerance for PC LANs. 

• Server ИН 

e Uninterrupted Processing 

e Continuous Backup 

• Any Network Operating System or 

Server environment. 

Nonstop Networks Limited, NY, NY 
212-481-8488, Fax 779-2956 
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SOFTWARE PACKAGING 


FREE SOFTWARE 
PACKAGING CATALOG 


Everything you will need to Package. Distribute, and Ship Your 


Software) From manuals ard birders to mallers and shippers 


LABELS * LABELS * LABELS 
For your diskettas, plain or custom pnnted 
roe sampies 


dot matrix or laser printer... 


+» «FREE CATALOG» +e 


Hice & Associates 
8586 Monticello Or., West Chester, ОН 45055 


Phone/Fax: 513-777-8586 
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SOFTWARE PACKAGING __ 
STOCK PACKAGING 


to help yo 
market your ‘software 
ask for catalog 93052 


Call 708 390-7744 
or fax 708 390-9886 


PolyQuick Co. 
1243 Rand Road, Des Plaines, IL 60016 
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__SOFTWARE/BUSINESS 
DATA ENTRY SOFTWARE 


Full featured, heads-down data entry 
with two-pass verification, edit langua е, 
operator stats, much more! Designed 

the PS/2*, PC, XT, AT or отра, 


PCs from $395 version available 
FREE 30 day ‘tial 

Tel 20677766443 

Fax: 206/776-7210 

:  800'356-0003 


Computer Keyes 
21929 Makah Rd., 
Woodway. WA 98020 


SOFTWARE/ENGINEERING 
New Windows/Windows NT CAE Tools 


Introducing The First and Only 
Interactive SPICE | 


Experience Analog and Mixed signal simulation 
like you've never seen before 
‘Just like being at the Bench." 
Includes: 
New IsSpice4; Interactive Circuit Simulator 
Real Time Cross Probing between 
Schematic editor and Simulator 
Modal Libraries, more than 5000 Parts 
For PC, DEC Alpha, Mips, Macintosh 


^ а р starting at $95. Complete 
with pchernadic entry, IsSpice4, models, 
ae bm graphics only $2595. 
Cail or Fax for your Free Demo kit 


P.O. Box 710 San Pedro, Ca 90733-0710 


Tel (310) 833-0710 intusoft 


FAX (310) 833-9658 
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SpiceAge*4w 
Windows Analog Circult Simulator 
The following and MORE at under $1000: 


*AC, DC, Transient, Fourier, Temperature analysis * Fully 
expandable library • Analog & digital components 
* Transmission line primitiva * Real signal node names 
* Graphical real time • Group delay • t sweeping 


Tatum Labs, Inc. 
1287 М. Silo Ridge, Ann Arbor, MI 48108 
313-663-8810 
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SOFTWARE/GRAPHICS _ 


ВИР DCX, EPS, WMF, WPO 


| pie Tu Image Format Library : 4.0 | 


“The most "EL, raster support "pay оп the market" | 
Import. export, convert, display, and print all above te 
Includes several sample programs with source code. Suppo 
all languages. Format compatibility guaranteed! G3, G4, TRE 
multi-page images etc. Rotate, zoom, scale, color reduction, 
sharpen, special-effects etc. Versions tor DOS, Windows, NT, 
Watcom, OS/2, and others. 

AccuSoft Co 
160 E. Main St., Р.О. Box 126 
(800) 525-3577 


oration 
, Weatboro, МА 01581 
(508) 898-2770 FAX (508) 898-9662 
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SOFTWARE/GRAPHICS 


Windows Graphics Library 
Easy to use library for image manipulation. 
>- read/write: BMP, FLC, FLI, GIF, JPG, PCX, TGA, TIFF 
> effects: brightness, blur, edge detection, flip, rotate, scale, etc. 
>- image compression up to 100:1. 


Available as DLL or MS/Borland C library. 5199 
Distributors welcome. 


AIM Inc. 
Lj.Sram 8, 41000 Zagreb, Croatia 
Fax/phone: «385 41 611 126 E-mait CompaSerre 73423,3143 
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C/C++ CAD/CAM/CAE Developers Kits—Windows/00S 
NEW RELEASE! TG-CAD Professional v.5.0. 
Replaces TG-Professional v.4.0. Includes updated 2D А 30 
geometric development kits, DXF Ir/Out to release 12 and 
naw drawing programs. This four part development kit is 
lruty “The Ultimate CAD/CAM/CAE Programming Engine.” 
Comes with or without source code. 30 day guarantee. Use 
MSC/C++, Borland C/C++, Turbo C/C++, WATCOM C/C++ 
or Metaware High C/C++. Call 1-800-635-7760 or Fax 214- 

423-7288 for free 30 page technical paper. 


DISK SOFTWARE, Inc. 


109 S. Murphy Rd., Plano, TX USA 75094-9971 
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Sirlin’s CAD ++ ENGINE 
* Head and Write AutoCAD DWG and DXF files. 
* Object oriented, modular, database-like access 
to CAD data. 
a View, Print (rasterize), Plot (vectorize), and 
Pick (interact) modules. 
* Available for C/C++ for DOS, Extended DOS, 
Windows, Sun and other Unix systems. 
Sirlin Computer Corporation 
25 Orchard View Dr., Ste 14, Londonderry, NH 03053 
Phone: (603) 437-0727 • Fax: (603) 437-0737 


Inquiry 699. 


SOFTWARE/MATHEMATICS 


ORSYS - $299 
OPERATIONS RESEARCH SYSTEM 


Linear programs up to 3000 by 15000 
Mixed-integer and discrete linear programs 
Nonlinear objective and quadratic programs 
Transportation and Transshipment models 


Eastern Software Products, Inc. 
P.O. Box 15328, Alexandria, VA 22309 
(703) 360-7600 Fax (703) 360-7654 


Inquiry 700. 


SOFTWARE/MODELING 


New from Probots, Inc.: Introducing GMS- 
Easiest & most powerful modeling & simulation tool avail. 
a systama specified by natural mathematical relationships 
(algebra, matrix, logic, ditterential, empirical, & heuristic) 
• idea: for business, engineering, biological, & social applications 
* integrated editor, compiler, & graphical analysis 
* support for automated design, optimization, & causal analysis 


Full System $495, Intro System $195 


413-586-8929 
800-Sim-Easy 


Inquiry 701. 


SOFTWARE/PHOTOGRAPHY 


The Photographer's DataGuide contains many useful 
tables for the amateur and professional. Sun/moon 
almanacs available for UK, USA, Aus/NZ and Canada 
also CineGuide option. The Photographer's DataBase 
is for the storage of shot details and includes label 
printing and an image display option. Reviewec U.K. 


photo mags. From £60. 


Douglas Software 


14 North Drive, Littleton, Winchester 
Hampshire, United Kingdom, 5022 60A 


Tel: (44) 962 880495 Fax: (44) 962 776671 


Inquiry 702. 


SOFTWARE/SCIENTIFIC 


VTgX Scientific Desktop Publishing 

• Scalable Fonts * Font effects * Typeface customization * 

Equations • Tables • Graphics * Foreign languages * 

Multi-lingual spell & hyphenation * IDE * On-line help « 

Dos, Dos-32 and Windows versions * From $199 

ТЕХ of Tomorrow"-Notices of AMS, March 1991 
Call now for a FREE DEMO DISK 


MicroPress, Inc. 
68-30 Harrow Street, Forest Hills, NY 11375 
Tel (718) 575-1816 Fax (718) 575-8038 


Inquiry 703. 


FREE CATALOG! 
AFFORDABLE EARTH SCIENCE SOFTWARE 


Over 350 programs lor Windows, DOS, Mac, 
Amiga, UNIX 


800-775-6745 


Rock Ware 4251 Kipling St, Suite 595 
Scientific Software Wheat Ridge, CO 80033 
(303) 423-5645 • FAX (303) 423-6171 


SOFTWARE/VOICE/FAX 
MULTI-VOICE^ TOOLS 


Мил-Мосе Tools is a complete development Toolkit for Pascal or "C" 
to 2 24 the features for most speech processing boards avatable 
today. It haips you етте MULTI-LINE VOICE APPLICATION sysiems in 
minutas. A number ol programming examples nre provided. All 
programs and libraries are delivered with source code 

Dialogic, Rhetorex, Pika, VEX: $599. Watson ( Line); $99. ALSO 
AVAILABLE: Fax Programmar’s Toolkit ($199). Based on CAS 

Visa MC accepted. 


specications 
ITI Logiciel 
4263 Cristophe-Colomb, Montreal, Quebec, Can. H2J 362 
TEL (514) 597-1692 FAX (514) 526-2362 


STATISTICS 


NCSS 5.x Series — $125 


Easy-to-use menus & spread sheet. Multiple regression. 
T-tes1s. ANOVA (up to 10 factors, rap. measures, | 
covariance). Forecasting. Factor, cluster, & discriminant 
analysis. Nonparametrics, Cross Tabulation. Graphics: 
histograms, box, scatter, etc. Reads ASCIV/Lotus. Many new 


329 North 1000 East, Kaysville, UT 84037 
Phone: 801-546-0445 Fax: 801-546-3907 


Inquiry 704. 
TRANSLATORS 


TRANSLATORS 
FORTRAN IV to C PLA (Subset G) to С 
CMS-2M to Ada ASSEMBLY (PAL-11) to C 
METAMORPHOSIS CUSTOM Translators 
(User defined) 
Call or write for product brochure to: 
J. H. Shannon Associates, Inc. 
Р.О. Box 597, Chapel Hill, NC 27514 
(919) 929-6863 


Inquiry 705. 


UNIX ON CDROM 


UNIX Clone for $39.95 


Trans-Ameritach presents LINUX Plus and В50 CD- 
ROM. Latest versions of LINUX and BSD with X- 
windows, TEP/TP development environments. 


ALL SOURCES ARE INCLUDED. 
| REAL UNIX POWER for the PRICE of DOS ! 
ONLY $39.95 | 
Trans-Ameritech Enterprises 


2342A Walsh Ave., Santa Ciara, CA 95051 
408-727-3883 FAX 408-727-3882 


Inquiry 706. 


UTILITIES 


PEN PLOTTER EMULATOR 


FPLOT turns your printer into an HP pen plotter. 
Fast hi-res, no jagged lines. Vary lina width, color. 
Screan, preview — zoom, pan. Works with most 
CAD programs. Supports most printers. Requires 
DOS 2.1 or higher. $119+$3 S&H. VISA/MC/ChK/MO. 


FPLOT Corporation 
24-16 Steinway St., Suite 605, Astoria, NY 11103 
718-545-3505 


Inquiry 707. 


FAST LOAD 


File-Smart Disk SPEED-UP 
Fast Load keeps files in E/XMS for ultrafast 
&ccess/exec. Faster, saler and more compact than disk 
cache or RAM disk. ri ea up your existent disk 
cache, loo. Great for networks (under SK RAM). Price: 
$49. VISAMC/AMEX. 


OMEGA POINT, INC. 
25 Birch Road, Framingham, MA 01701 
TEL: (508) 877-1819 FAX: (508) 877-0915 


Inquiry 708. 


WINDOWS 


FOREIGN LANGUAGES 


Arabic, Hebrew, Russian, Chinese, Japanese, 
Indian, S.E. Asian - ail the world's languages in 
Windows. Full support for mixing Arabic, Persian, 
Urdu, Hebrew + English. Chinese and Japanese 
ну vertically /horizontally. Easy to use! From 
149.95. Call or write the WinLanguage" experts! 


Gamma Productions, Inc. 


Tel 310-394-8622 Рах 310-395-4214 
710 Wilshire Blvd, #609, Santa Monica, СА 90401 


Inquiry 709. 


THE ULTIMATE BBS 
FREE FREE FREE FREE FREE FREE FREE 


Latest Windows and DOS Utils, Pgms, Source 
Code, Lively CHAT, online games, Internet Access 
and more and all FREE. Call from home or office 
up to 14.4K and download for FREE. (п/8/1} 


217-792-3663 


Customer Service 415-281-4429 


Inquiry 710. 


International 
Marketers: 


Sell your computer products in one of 
the fastest growing markets today! 


Reach 78,000 LATIN AMERICAN 
BYTE READERS 


Now you can advertise in 


1, 2, or all 3 Latin editions of BYTE 
BYTE Mexico 
BYTE Brasil 
BYTE Argentina 
Give Liz at Global Ad-Net 
a call today for more info: 


603-876-4311 


Inquiry 711. 
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inquiry No. Page No. Phone No. 
238 2CD-ROM.LLC 294 214-380-0126 
A 
61-82 — ABACUS SCFTWARE 42 alter ag 
277 ADD NET COMPUTERS & SW 274 800-951-1113 
240-241 ADVANCED LOGIC RESEARCH 116 714-581-6770 
288 ADVANCED MICRO DEVICES 34-35 800-222-9323 
533 A-FOUR TECH CO LTD 4015 23 «886-2-218-9906"" 
64 AITECH INTERNATIONAL 235 800-882-8184 
83 ALADDIN KNOWLEDGE SYSTEMS 65 800-223-4277 
182-183 ALPHA PROOUCTS 293 203-259-7713 
» AMBRA COMPUTER CORP 328-D, 33 800-239-4911 
" AMBRA COMPUTER CORP 44-45 800-239-4912 
ы AMERICA ONLINE INC (МА } 242A-B 800-827-6364 
184 AMERICAN ADVANTECH 294 800-800-6889 
242-243 AMERICAN MEGATRENDS 170 800-892-6843 
65 AMERICAN POWER CONVERSION 112 
DPT. A2 
218 AMREL TECHNOLOGY, INC 296 800-88AMREL 
526 ANTEX ELECTRONICS 4015 10 — 310-532-3092 
273-214 AP PROFESSIONAL (М А.) 143 619-699-6446 
166 APPRO INTERNATIONAL INC 268 408-732-6091 
140-141 ARISTO GRAPHIC SYS (EUROPE) 53 +49-40-8500425"° 
140-141 ARISTO GRAPHIC SYSTEMS (U.S) 53 800-631-7646 
177-178 ARNET CORP 287 800-377-5515 
142 ASK-ME MULTIMEDIA 238 612-531-0603 
236 AUTOTIME 297 503-452-8577 
185-186 AXIOMATIC 296 905-602-9270 
187 AXONIX CORP 296 801-460-9797 
B 
450 BIX 311 800-695-4775 
66-67 BORLAND INTERNATIONAL 11 64 
ext. 7672 
2 BYTE BACK ISSUES 199 603-924-2540 
à BYTE DECK (N.A.) 246 603-924-2594 
BYTE EURODECK (INTL) 223 603-924-2533 
id BYTE SUB MESSAGE 98 
278 CAD WAREHOUSE 286 800-487-0485 
501 CHEARY MIKROSCHALTER 
GMBH (INTL) -253 449-964-3180 
167 CITITRONICS 276 818-855-5588 
504 COBALT BLUE 405 21 404-518-1116 
68-69 COLORADO MEMORY SYSTEMS 43 800-451-0897 
278 COMPAQ SYSTEMS (N.A.) 2-3  B00-345-1518 
502-503 COMPEX INC (INTL) 143 714-630-7302 
Я COMPUSERVE 96A-B 800-848-8199 
70 COMPUSERVE 97 800-848-8199 
244 COMPUTER ASSOCIATES 125 800-225-5224 
DEPT. 20500 
245 COMPUTER ASSOCIATES 133 800-CALL CAI 
ext. 190 
s COMPUTER BOOK 
CLUB, THE (N.A.) 190A-B 
е COMPUTER BOOK 
CLUB, THE (N.A.) 191 717-794-2191 
152 COMPUTER DISCOUNT WRHSE 264-265 800-959-4COW 
505 COMPUTER QUICK (INTL) 248 415-861-8330 
153 COMPUTERLANE UNLTD 280 818-884-8644 
168 COMPUTERWISE 300 800-255-3739 
230 CONTROL CONCEPTS, INC 285 800-922-9259 
s COPIA INTERNATIONAL LTD 240 708-582-8898 
73 COREL SOFTWARE 25 800-772-6735 
ext. 28 
286 CREATIVE LABS INC 8-9 800-998-LABS 
285 CREATIVE LABS INC 63 800-998-LABS 
7475 CTX INTERNATIONAL INC 213 909-595-6146 
76-77 CURTIS INC 250 612-631-9512 
246-247 CYBEX CORP 127 205-430-4030" 
506-507 CYBEX CORP (INTL) CIV 205-430-4030" 
218 DATA VO 298 800-332-8245 
190 DATALUX CORP (INTL) 296 444-306-876718 
169 DATALUX CORP (INTL) 297 «44-306-876718 
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inquiry No. Page No. Phone No. 
190 DATALUX CORP (N.A.) 296 800-DATALUX 
189 DATALUX CORP (М.А) 297 800-DATALUX 
s DATAPRO (INTL) 44-45 609-764-0100 
ext. 2777 
225-226 DAVISON-WORTH CORP 298 800-666-2707 
248-249 DCA 129 800-348-3221 
ш DELL COMPUTER CORP (N.A.) CIV — 800-626-8260 
* DELL COMPUTER CORP (N.A.) Cill 800-626-8260 
78 DIAGSOFT INC 57 800-342-4763 
530 DIALOGIC TELECOM EUROPE 4015 22+32-2-725-4275"* 


235 DIALOGUE TECHNOLOGY 297 +886-2-8317814 
127 DIGICOM INC 12-13886-2-917-9099'* 
78 DIGITAL EQUIPMENT COAP 15-17 800-332-2717 


154-155 DISTRIBUTED PROCESSING TECH 262 800-322-40РТ 
508-509 DR HUGGLE 
& PARTNER GMBH AHS 11 449241403117" 
136 DSP SOLUTIONS / DIGISPEECH 181 916-621-1787 
527-528 ELEX INFO SYS INC (INTL) 191 415-325-8071 
191 ELEXOR INC 294 201-299-1615 
80 ELIASHIM MICROCOMPUTERS 236 +972-4-528613""° 
171-172 EMBARC / MOTOROLA 284 800-EMBARCA 
ext. 330 
179 EXXUS 289 800-557-1000 
F 
510 FAST ELECTRONIC GMBH 4015 5 +49-89-539600-20 
532 FINSON (INTL) 33 +39-2-66987027” 
156-157 FIRST SOURCE INT'L 270-271 714-588-9866 
81 FUTURESOFT ENGINEERING 247 713-496-9400 
G 
Р GATEWAY 2000 Т2А-Х 800-846-2058 
4 GATEWAY 2000 72-73 800-846-2058 
229 GENERAL TECHNICS 295 800-487-2538 
192 GENOVATION., INC 297 800-822-4333 
511 GFK HAMBURG 4015 9+49-40-231-789"° 
82-83 GLENCO ENGINEERING 95 800-562-2543 
193 GMM RESEARCH CORP 292 714-752-9447 
227-228 GRANITE DIGITAL 295 510-471-6442 
71-72 GREENVIEW DATA 71 800-458-3346 
512 GREY MATTER LTD 401S 17 444-0364-53071* 
H 
е HEWLETT PACKARD 20-21 800-552-8500 
ext. 7858 
212 HI-LO SYSTEMS 298 510-623-8860 
250 HUMMINGBIRD COMMUNICATIONS 138 905-470-1207" 
513 IBM- NETWORKING SYSTEMS 4015 7 +43-1-21145-4490" 
290 IBM- NETWORKING SYSTEMS 114-115 шак. 
292 IBM - NETWORKING SYSTEMS 100 9800-IBM-CALL 
ext. 583 
85 IBM - OS/2 - CSET++ 58 800-342-6672 
84 IBM - 05/2 - SOM 23 800-3-IBM-OS2 
* IBM - PC DIRECT СПА-В 800 IBM 2YOU 
253 ІВМ - PERSONAL SAV SYSTEMS 146-147 800-3-IBM-OS2 
251 IBM - PERSONAL SAV SYSTEMS 148 800-3-IBM-0S2 
252 IBM - PERSONAL SAV SYSTEMS 151 800-3-IBM-0S2 
86 IBM - WORKSTATIONS 88-89  800-IBM-5676 
ext 669 
268-269 INFORMATION FOUNDATION 154 800-438-8649 
67 INTEGRAND RESEARCH 192 209-651-1203 
88 INTEL CORP (INTL) 40A-D — 800-538-3373 
254-255 INTERGRAPH (N.A.) 152-153 — 800-345-4858 
194 10 TECH 294 216-439-4091 
89 IOMEGA 78 800-777-4045 
128-129 ITERATED SYSTEMS 249 800-437-2285 
195 J 8 TECHNOLOGIES 295 800-688-0908 
158 JAMECO ELECTRONICS 285 800-831-4242 


inquiry No. Page No. Phone No. 
1 JDR MICRODEVICES 291 800-538-5000 
256 KEA SYSTEMS LTD 159 800-683-8702 
199 KEITHLEY METRABYTE 294 800-348-0033 
90 KFC (МА) 223  B00-253-2872 
196 KILA 293 303-444-7737 
257-258 KINGSTON TECHNOLOGY 141 714-435-2800 
514 KUO FENG CORP (INTL) 209 +886-2-754-8498"" 
L 
173-174 L A TRADE 266 800-433-3726 
197 LAGUNA DATA SYSTEMS 298 800-938-TAPE 
198 LAWSON LABS INC 294 800-321-5355 
138-139 LEAD TECHNOLOGIES 198 — 800-637-4699 
515 LIGATURE LTD 405 20 
239 LITECH CORP 298 — B00-LITECH5 
170 LOGICAL CONNECTION 288 800-238-9415 
143 LOGICIELS ET SERVICES DUHEM 242 +33149700455 
M 
133 MACSYMA 98 617-646-4550 
131-132 MAG INNOVISION 211 800-827-3998 
146-147 MARX DATENTECHNIK GmbH 96 +49-6403-1555 
y MCGRAW HILL NRI (NA) 182C-D 
s MCGRAW-HILL PROF & REF ОМ 201 800-822-8158 
130 MEDIA VISION (N.A) 32A 800-845-5870 
516 MEGADATA 4015 24 516-589-6858" 
176 METATEC SYSTEMS 288 600-448-2323 
168 MICRO 2000 272 800-864-8008 
161-162 MICRO SOLUTIONS COMP PROD 267 800-295-1214 
153-164 MICRO SOLUTIONS COMP PROD 269 800-295-1214 
168 MICRO- INTERNATIONAL, INC 277 800-967-5667 
160 MICROPROSE SOFTWARE 283 800-879-PLAY 
г MICROSOFT CORP 51 
е MICROSOFT CORP 135 
Р MICROSTAR LABORATORIES 294 206-453-2345 
. MICROSTAR LABORATORIES 299 206-153-2345 
v MICROWAY 130 508-746-7341 
9 MICRCWAY 226 508-746-4678" 
275-276 MILLENNIUM ONLINE 118 800-736-0122 
98 MINUTEMAN 49 800-238-7272 
529 MITAC INTL CORP 405 19 «886-2-5018231 
M 
525 NAG 4015 22 +44-965-310130" 
92-933 МАМАО USA CORP (МА) 209 310-325-5202 
200 NATIONAL INSTRUMENTS 299 800-433-3488 
150 NATIONAL PRODUCTIONS INC 240 800-800-5600 
95 NEC - MONITORS 215-216 800-NEC-INFO 
z NETWORK 
COMPUTING DEVICES (МА ) 161 800-800-9599 
159 NEVADA COMPUTER 279 800-654-7762 
96 NSTL 241 215-941-9600 
291 NSTL/SOFTWARE DIGEST 167 215-941-9600 
517-518 ODYSSEY TECHNOLOGIES 405 24 508-383-5560 
524 ON TIME MARKETING 401821 +49-40-437472 
175 ORION TELECOM INC 290 800-669-8088 
97 OSBORNE MCGRAW-HILL 230 
201 OVERLAND DATA INC 298 800-729-8725 
Е 
221 PACIRC SOFTWORKS 300 800-541-9508 
99 PASSPORT DESIGNS INC. 38-39 415-726-0280 
100 PATTON & PATTON 248 
ext. 112 
, PC DIGEST / NSTL 251 800-257-9402 
101-102 PC POWER & COOLING 55 800-722-5555 
260-261 PC "POWER & COOLING 162 — 800-722-5555 
103 PERSOFT INC 79 800-368-5283 
202 PERSONAL TEX 300 800-808-7906 
519 PHAR LAP SOFTWARE INC 40182 617-561-1510 


ADVERTISER CONTACT INFORMATION 


Inquiry No. Page No. Phone No. inquiry No. Page No. Phone No. inquiry No. Page No. Phone No. 
520 PHILIPS MONITORS (NTL) 2-9 +31-40-72-39-83" 282-283 SCIENTIFIC PROGRAMMING 300 517-339-0859 — 231 TTI TECHNOLOGIES 297 800-541-1943 
232 РІКА TECHNOLOGIES 292 613-591-1555 . SCITOR CORPORATION 29 415-570-7700 534 TYPHOON SOFTWARE (N.E) 275 805-066-7633 
104-105 PINNACLE MICRO 7 714-727-3300 522 . SEKISUI CHEMICAL CO LTD — 405 12«81-6-365-4375"* 
106 — PKWARE INC 229 414-354-8699 110 — SEQUITER SOFTWARE INC 106 403-437-2410 V 
203 POLAROID CORP 292 800-225-2770 | 233-234 SHAFFSTALL CORP 299 800-248-3475 | 213 VICTORY ENTERPRISES TECH 295 800-727-3475 
289 РОРКІМ S/W & SYSTEMS INC 175 212-571-3434 | 223-224 SIGMA TECH SOFTWARE 293 818-364-6132 | 214  VIDEX, INC 292 503-756-0521 
91 PROGRAMMER'S PARADISE 80-81 В00-445-7899 ext B22 | Tigre VISIONWARE ME 45525213 
264-285 PROXIMA CORPORATION 165 619-457-5500 209 SILICONSOFT, INC 300 800-969-4411 531 VOCALTEC LTD (INTL) 185 +972-3-6964065"" 
137 . SOFTARC 184 416-754-1856" 
210 SOFTWARE LINK, THE 299 404-512-0600 W 
284 — ONXSOFTWARESYSTEMSLTD 137 80035300! | 111 — SOFTWARE SECURITY 177 203-329-7428" d ti dell и ed rigs A 
1 
204 QUALSTAR CORP 299 816-882-5822 d x + E = eiie 144-145 WIBU 42 449-721-377455 
107 QUARTERDECK OFFICE SYSTEMS 61 310-392-9851 215 WINTEK CORP 292 800-742-5809 
113  STATSOFT 245 918-583-4149 
106 — QUATECHINC. 262 800-553-1170 216 — WINTEK CORP 299 800-742-6809 
523 SYMANTEC 4015 15 — 800-453-1077 
ü exi. APBO 123-125 WOLFRAM RESEARCH 99 800-441-6284 
. R 
262.263 RAINBOW TECHNOLOGIES 121 sesso | СПАС ur piso TENERA MNT 
521 RECOGNITA (INTL) СЇ! +36-1-2018925 
165  RECORTEC INC 281 800-729-7654 ° XVT SOFTWARE INC 82 800-678-7988 
206-207 RGB COMPUTER & VIDEO INC 300 800-535-7876 T 
205 RHETOREX, INC 293 408-370-0881 211 TALKING TECHNOLOGY INC 293 800-685-4884 
109 ROSE ELECTRONICS 244 800-333-9243 116 TEKTRONIX 67 800-835-6100 128 ZEOS INTERNATIONAL 194-195 800-554-526 
ext 31J | 217 МОА ENGINEERING 298 916-757-3737 
S 117 TOSHIBA AMERICA INC 186-187 800-457-7777 266-267 ZYXEL USA 123 714-693-0808 
208 SANGOMA TECH INC 293 800-388-2475 237 TRANS 2000 294 310-908-6814 * Correspond directly with company. 
134-135 SCEPTRE TECHNOLOGIES 219 800-788-2878 | 220 TRI VALLEY TECHNOLOGY INC 293 510-447-2030 ** indicates FAX Number 
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David B. Egan, Associate Publisher, One Phoenix Mill Lane, Peterborough, NH 03458, Tal. (603) 924-2678, Fax: (603) 924-7620 
Diane Lieberman, Director, Inside Advertising Sales, One Phoenix Mill Lane, Peterborough, NH 03458, Tel. (603) 924-2518, Fax: (603) 924-2683 


NEW ENGLAND SOUTHEAST SOUTHWEST, NORTH PACIFIC SOUTH PACIFIC: irvine, CA 
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CANADA & EASTERN CANADA KY, DC, MD. VA, WV CO, OK, TX Roy J. Kops (415) 513-6861 SAN DIEGO COUNTY 
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McGraw-Hill Publications W. CANADA 
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UNITED KINGDOM, GERMANY, SWITZERLAND, ITALY, TAIWAN JAPAN AUSTRALIA 

FRANCE, BENELUX AUSTRIA SCANDINAVIAN COUNTRIES Shiun Gou Masaki Mori Phil Bush 
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Lebigsirasse 19 70 Chalk Farm Road i orth Road Shinagawa-ku, Cremoma NSW 2090, 

D-60323 Frankfurt London NW1 BAN Taigei Tokyo 141 Austraka 
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FAX: +44 71 4956724 
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Ehrlich Communication Inti, Third Wave Publishing Corp. 2-35-8, Unoki, Ota-ku 
Р.О. Box 99 Unit 2, GF Hing Wah Center Tokyo 146 ing Corp. 
Herzliya 46101 82-84 To Kwa Wan Road Japan 2nd Fl., No. 19-1, Lane 231 
israel Kowloon, Hong Kong Tel: +81 3 37573721 Fu Hsing North Road 
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YOUR DIRECT LINK 


PRODUC T CATEGORY INDEX 


For FREE product information from individual advertisers, circle the 
corresponding inquiry numbers on Your Direct Link Card! 


To receive information for an entire product category, circle the category 
number on Your Direct Link Card! 


Category No. 
inquiry No. Page No. 
1 ACCESSORIES/SUPPLIES 
526 ANTEX ELECTRONICS 4015 10 
А ІВМ - PC DIRECT CIIA-B 
203 POLAROID CORPORATION 292 
2 ADD-IN BOARDS 
242-243 AMERICAN MEGATRENDS 170 
76-77 CURTIS INC 250 
127 DIGICOM INC 12-13 
127 DIGICOM INC 12-13 
154-155 DISTRIBUTED PROCESSING TECH. 282 
511 GFK HAMBURG 4015 9 
158 JAMECO ELECTRONICS 285 
130 MEDIA VISION (N.A.) 32A 
108 QUATECH INC. 262 
222 STARGATE TECHNOLOGIES 292 
211 TALKING TECHNOLOGY INC 293 
144-145 WIBU 42 
144-145 WIBU 42 
215 WINTEK CORP 292 
3 BAR CODING 
214 VIDEX, INC. 292 
4 COMMUNICATIONS /NETWORKING 
248-249 DCA 129 
171-172 EMBARC/MOTOROLA 284 
193 GMM RESEARCH CORPORATION 292 
516 MEGADATA 4015 24 
232 PIKA TECHNOLOGIES 292 
205 RHETOREX, INC. 293 
109 ROSE ELECTRONICS 244 
208 SANGOMA TECH INC 293 
223-224 SIGMA TECH SOFTWARE 293 
222 STARGATE TECHNOLOGIES 292 
211 TALKING TECHNOLOGY INC 293 
5 COMPUTER SYSTEMS 
240-241 ADVANCED LOGIC RESEARCH 116 
AMBRA COMPUTER CORP (N.A.) 32B-D, 33 
ч AMBRA COMPUTER CORP (N.A.) 
166 APPRO INTERNATIONAL INC 268 
279 COMPAQ SYSTEMS (N.A.) 2-3 
, DELL COMPUTER CORP (N.A.) CIV 
ч DELL COMPUTER CORP (NA) cili 
79 DIGITAL EQUIPMENT CORP 15-17 
м GATEWAY 2000 72-73 
Р бАТЕҮҮАҮ 2000 72А-Х 
, IBM - PC DIRECT CIIA-B 
86 IBM - WORKSTATIONS 88-89 
88 INTEL CORPORATION (N.A.) 40A-D 
254-255 INTERGRAPH (N.A.) 152-153 
196 KILA 293 
169 MICRO-INTERNATIONAL, INC. 277 
529 MITAC INTL CORP 4015 18 
96 NSTL 241 
260-261 PC POWER & COOLING 162 
101-102 PC POWER & COOLING 55 
165 RECORTEC INC 281 
k SILICON GRAPHICS 26-27 
220 TRI VALLEY TECHNOLOGY INC 293 
180 WEST COAST MICRO 290 
126 ZEOS INTERNATIONAL 194-195 
6 DATA ACQUISITION 
182-1H3 ALPHA PRODUCTS 293 
184 AMERICAN ADVANTECH 294 
191 ELEXOR INC 294 
194 IO TECH 294 
199 KEITHLEY METRABYTE 294 
198 LAWSON LABS INCORPORATED 294 
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Category No. 
Inquiry No. Page No. 
ч MICROSTAR LABORATORIES 294 
200 NATIONAL INSTRUMENTS 299 
108 QUATECH INC. 262 
209 SILICONSOFT, INC. 300 
237 TRANS 2000 294 
7 DISK & OPTICAL DRIVES 
238 2CD-ROM,LLC 294 
242-243 AMERICAN MEGATRENDS 170 
230 CONTROL CONCEPTS, INC. 295 
76-77 CURTIS INC 250 
229 GENERAL TECHNICS 295 
227-228 GRANITE DIGITAL 295 
89 IOMEGA 78 
195 J B TECHNOLOGIES 295 
161-162 MICRO SOLUTIONS COMP PROD 267 
163-164 MICRO SOLUTIONS COMP PROD 269 
104-105 PINNACLE MICRO 7 
112 SONY CPPC 206-207 
181 SAG ELECTRONICS 273 
8 DISKETTES /DUPLICATORS 
185-186 AXIOMATIC 296 
213 VICTORY ENTERPRISES TECHNOLOGY 295 
10 GRAPHICS TABLETS/MICE/ 
PEN INPUT 

140-141 ARISTO GRAPHIC SYSTEMS (EUROPE) 53 
140-141 ARISTO GRAPHIC SYSTEMS (U.S.) 53 
d MICROSOFT CORPORATION 51 
11 KEYBOARDS 
501 CHERRY MIKROSCHALTER GMBH (INT'L) 252-253 
190 DATALUX CORPORATION (INTL) 296 
190 DATALUX CORPORATION (N.A.) 296 
12 LAN HARDWARE 
502-503 COMPEX INC (INTL) 143 
246-247 CYBEX CORPORATION 127 
506-507 CYBEX CORPORATION (INTL) CIV 
248-249 DCA 129 
170 LOGICAL CONNECTION 288 
101-102 PC POWER & COOLING 55 
260-261 PC POWER & COOLING 162 
181 S. A. G. ELECTRONICS 273 
13 LAPTOPS & NOTEBOOKS 

AMBRA COMPUTER CORP (N.A.) 32B-D, 33 
j AMBRA COMPUTER CORP (N.A.) 44.45 
218 AMREL TECHNOLOGY, INC. 296 
187 AXONIX CORP 296 
235 DIALOGUE TECHNOLOGY 297 
192 GENOVATION, INC. 297 
195 J 8 TECHNOLOGIES 295 
a JDR MICRODEVICES 291 
169 MICRO-INTERNATIONAL, INC. 277 
529 MITAC INTL CORP 4015 19 
117 TOSHIBA AMERICA INC 186-187 
126 ZEOS INTERNATIONAL 194-195 
14 MAIL ORDER 
277 ADD NET COMPUTERS & SOFTWARE 274 
, AMBRA COMPUTER CORP (N.A.) 44-45 
: AMBRA COMPUTER CORP (N.A.) 32B-D, 33 
167 CITITRONICS 276 
152 COMPUTER DISCOUNT WAREHOUSE 204-265 
153 COMPUTERLANE UNLIMITED 280 
527-528 ELEX INFO SYS INC. (INTL) 191 
179 EXXUS 209 
" IBM - PC DIRECT CIIA-B 
158 JAMECO ELECTRONICS 285 
158 NEVADA COMPUTER 279 
E PC DIGEST/NSTL 255 


Catogory No. 

Inquiry No. Page No. 
291 PC DIGEST/NSTL 101 

91 PROGRAMMER'S PARADISE 80-81 

15 MEMORY /CHIPS/UPGRADES 

288 ADVANCED MICRO DEVICES 34-35 
236 АПТОТ!МЕ 297 
167 CITITRONICS 276 
156-157 FIRST SOURCE INTL 270-271 

88 INTEL CORPORATION (N.A.) 40A-D 

158 JAMECO ELECTRONICS 285 
257-258 KINGSTON TECHNOLOGY 141 

173-174 LA TRADE 266 
231 ТТ! TECHNOLOGIES 297 
16 MISCELLAENOUS HARDWARE 

87 INTEGRAND RESEARCH 192 
264-265 PROXIMA CORPORATION 165 
§22 SEKISU! CHEMICAL CO LTD 4015 12 
160 WEST COAST MICRO 290 
17 MODEMS/MULTIPLEXORS 

° JOR MICRODEVICES 291 

175 ORION TELECOM INC 290 
268-267 ZYXEL USA 123 
18 MONITORS & TERMINALS 

74-78 CTX INTERNATIONAL INC 213 
189 DATALUX CORPORATION (INTL) 297 
189 DATALUX CORPORATION (N.A.) 297 
90 KFC (N.A.) 223 
514 KUO FENG CORPORATION (INT'L) 209 
131-132 MAG INNOVISION 211 

92-93 МАМАО USA CORP (N.A.) 209 
95 NEC - MONITORS 215-216 
520 PHILIPS MONITORS (INT'L) 2-3 
134-135 SCEPTRE TECHNOLOGIES 219 
112 SONY CPPC 206-207 
118-119 VIEWSONIC 69 
19 MULTIMEDIA 

285 CREATIVE LABS INC 63 
286 CREATIVE LABS INC 8-9 
138 DSP SOLUTIONS/DIGISPEECH 181 

130 MEDIA VISION (N.A.) 32A 
99 PASSPORT DESIGNS INC. 38-39 
264-265 PROXIMA CORPORATION 165 
x SILICON GRAPHICS 26-27 
209 SILICONSOFT, INC. 300 
531 VOCALTEC LTD. (INT'L) 185 
20 PRINTERS/PLOTTERS 

278 CAD WAREHOUSE 286 
" HEWLETT PACKARD 20-21 
170 LOGICAL CONNECTION 288 
116 TEKTRONIX 67 
21 PROGRAMMABLE HARDWARE 

219 DATA VO 298 
225-226 DAVISON-WORTH CORPORATION 298 
80 ELIASHIM MICROCOMPUTERS 236 
510 FAST ELECTRONIC GMBH 40155 
212 HI-LO SYSTEMS 298 
й JDR MICRODEVICES 291 

148-147 MARX DATENTECHNIK GmbH 96 
144-145 WIBU 42 
217 Z-WORLD ENGINEERING 298 


22 SCANNERS/OCR/DIGITIZERS 


278 CAD WAREHOUSE 286 
527-528 ELEX INFO SYS INC. (INTL) 191 
80 ЕЦАЅНІМ MICROCOMPUTERS 236 
515 UGATURE LTD 4015 20 
239 LITECH CORPORATION 298 


YOUR DIRECT LINK 


PRODUCT CATEGORY INDEX 


For FREE product information from individual advertisers, circle the 
corresponding inquiry numbers on Your Direct Link Сага! 


To receive information for an entire product category, circle the category 
number on Your Direct Link Card! 


Category No. 
inquiry No. Page No. 
264-285 PROXIMA CORPORATION 165 
521 RECOGNITA (INTL) Cil 
23 TAPE DRIVES 
242-243 AMERICAN MEGATRENDS 170 
68-69 COLORADO MEMORY SYSTEMS 43 
89 IOMEGA 78 
197 LAGUNA DATA SYSTEMS 298 
161-162 MICRO SOLUTIONS COMP PROD 267 
163-164 MICRO SOLUTIONS COMP PROD 269 
201 OVERLAND DATA INC 298 
204 QUALSTAR CORP 299 
233-234 SHAFFSTALL CORPORATION 299 
181 S. A. G. ELECTRONICS 273 
24 UPS 
65 AMERICAN POWER CONVERSION 112 
98 MINUTEMAN 49 
101-102 PC POWER & COOLING 55 
280-261 PC POWER & COOLING 162 
25 BUSINESS 
100 PATTON & PATTON 248 
Р PRODEA SOFTWARE CORPORATION 169 
ч SCITOR CORPORATION 29 
26 CAD/CAM 
140-141 ARISTO GRAPHIC SYSTEMS (EUROPE) 53 
140-141 ARISTO GRAPHIC SYSTEMS (U.S.) 53 
254-255 INTERGRAPH (N.A.) 152-153 
216 WINTEK CORP 299 
27 COMMUNICATIONS / 
NETWORKING 
177-178 ARNET CORPORATION 287 
248-249 OCA 129 
B1 FUTURESOFT ENGINEERING 247 
513 IBM - NETWORKING SYSTEMS 4015 7 
517-518 ODYSSEY TECHNOLOGIES 4015 24 
175 ORION TELECOM INC 290 
103 PERSOFT INC 79 
137 SOFTARC 184 
210 SOFTWARE LINK, THE 299 
270-272 VISIONWARE 163 
28 DATA ACQUISITION 
ы MICROSTAR LABORATORIES 299 
200 NATIONAL INSTRUMENTS 299 
29 DATABASE 
244 COMPUTER ASSOCIATES 125 
245 COMPUTER ASSOCIATES 133 
152 COMPUTER DISCOUNT WAREHOUSE 264-265 
508-509 DR HUGGLE & PARTNER GMBH 4015 11 
* WORDPERFECT CORPORATION 30-31 
30 EDUCATIONAL 
81-62 ABACUS SOFTWARE 42 
MCGRAW HILL NRI (N.A.) 182C-D 
31 ENGINEERING/SCIENTIFIC 
508-509 DR HUGGLE А PARTNER GMBH 4015 11 
254-255 INTERGRAPH (N.A.) 152-153 
128-129 ITERATED SYSTEMS 249 
202 PERSONAL TEX 300 
282-283 SCIENTIFIC PROGRAMMING 300 
123-125 WOLFRAM RESEARCH 99 


Category No. 

inquiry No. Page No. 
32 ENTERTAINMENT 

176 METATEC SYSTEMS 288 
160 MICROPROSE SOFTWARE 283 
33 GRAPHICS 

64 AITECH INTERNATIONAL 235 
140-141 ARISTO GRAPHIC SYSTEMS (EUROPE) 53 
140-141 ARISTO GRAPHIC SYSTEMS (U.S.) 53 
73 COREL SOFTWARE 25 
138-139 LEAD TECHNOLOGIES 198 
92-93 МАМАО USA CORP (N.A.) 209 
99 PASSPORT DESIGNS INC. 38-39 
35 MAIL ORDER 

152 COMPUTER DISCOUNT WAREHOUSE 264-265 
505 COMPUTER QUICK (NTL) 246 
512 GREY MATTER LTD 4015 17 
91 PROGRAMMER'S PARADISE 80-81 


36 MATHEMATICAL/STATISTICAL 


133 MACSYMA 98 
525 NAG 4015 22 
202 PERSONAL TEX 300 
113 . STATSOFT 245 
114-115. SYSTAT INC 111 
123-125 WOLFRAM RESEARCH 99 
37 MISCELLAENOUS SOFTWARE 
78 DIAGSOFT INC 57 
532 FINSON (INTL) 33 
524 ON TIME MARKETING 4015 21 
534 ТҮРНООМ SOFTWARE 275 
38 ON-LINE SERVICES 
* AMERICA ONLINE INC (N.A.) 242A-B 
450 BIX 311 
. COMPUSERVE 96A-B 
70 COMPUSERVE 97 
275-276 MILLENNIUM ONLINE 118 
39 OPERATING SYSTEMS 
259  IBM-PERSONAL S/W SYSTEMS 146-147 
. NETWORK COMPUTING DEVICES (N.A.) 161 
107 | QUARTERDECK OFFICE SYSTEMS 8i 
40 PROGRAMMING 
LANGUAGES/TOOLS 
504 COBALT BLUE 4015 21 
. COPIA INTERNATIONAL LTD. 240 
508-509 DR HUGGLE & PARTNER GMBH 4015 11 
71-72 GREENVIEW DATA 71 
292 ІВМ - NETWORKING SYSTEMS 100 
290 ІВМ. NETWORKING SYSTEMS 114-115 
85 IBM - OS/2 - CSET++ 59 
84 IBM - OS/2 - SOM 23 
282 IBM -PERSONAL S/W SYSTEMS 151 
251 IBM - PERSONAL S/W SYSTEMS 149 
138-139 LEAD TECHNOLOGIES 198 
Ш MICROWAY 228 
. MICROWAY 130 
524 ON TIME MARKETING 4015 21 
519 PHAR LAP SOFTWARE INC 40152 
289  POPKIN SW & SYSTEMS INC. 175 
91 PROGRAMMER'S PARADISE 80-81 
110 — SEQUITER SOFTWARE INC 106 
523 SYMANTEC 4015 15 
534 ТҮРНООМ SOFTWARE (N.E.) 275 
120 WATCOM 37 
121-122 XVT SOFTWARE INC 82 
41 SECURITY 
63 ALADDIN KNOWLEDGE SYSTEMS 65 


501 CHERRY MIKROSCHALTER GMBH (INTL) 252-253 


Category No. 

Inquiry No. Page No. 
80 ELIASHIM MICROCOMPUTERS 236 
510 FAST ELECTRONIC GMBH 4015 5 
82-83 GLENCO ENGINEERING 95 
148-147 MARX DATENTECHNIK GmbH 96 
262-263 RAINBOW TECHNOLOGIES 121 

111 SOFTWARE SECURITY 177 
43 SOFTWARE DUPLICATION 

185-186 AXIOMATIC 296 
44 SPREADSHEETS 

66-67 BORLAND INTERNATIONAL 11 

45 UNIX 

5 COPIA INTERNATIONAL LTD. 240 
71-72 GREENVIEW DATA 71 

250 HUMMINGBIRD COMMUNICATIONS 138 
268-269 INFORMATION FOUNDATION 154 
- NETWORK COMPUTING DEVICES (N.A.) 161 

517-518 ODYSSEY TECHNOLOGIES 4015 24 
284 ONX SOFTWARE SYSTEMS LTD 137 
270-272 VISIONWARE 163 
123-125 WOLFRAM RESEARCH 99 
46 UTILITIES 

143 LOGICIELS ET SERVICES DUHEM 242 
168 MICRO 2000 272 
106 PKWARE INC 229 
47 WINDOWS 

61-62 ABACUS SOFTWARE 42 
533 A-FOUR TECH CO LTD 4015 23 
142 ASK-ME MULTIMEDIA 236 
а COPIA INTERNATIONAL LTD. 240 
532 FINSON {INT'L} 33 
250 HUMMINGBIRD COMMUNICATIONS 138 
256 KEA SYSTEMS LTD 159 
180 MICROPROSE SOFTWARE 283 
и MICROSOFT CORPORATION 135 
a MICROSTAR LABORATORIES 299 
92-933 NANAO USA CORP (N.A.) 209 
221 PACIFIC SOFTWORKS 300 
103 PERSOFT INC 79 
206-207 RGB COMPUTER & VIDEO INC. 300 
282-283 SCIENTIFIC PROGRAMMING 300 
209 SILICONSOFT, INC. 300 
534 TYPHOON SOFTWARE (N.E.) 275 
48 WORD PROCESSING/DTP 

532 FINSON (INT'L) 33 
515 LIGATURE LTD 4015 20 
49 BOOKS/PUBLICATIONS 

61-62 ABACUS SOFTWARE 42 
273-274 AP PROFESSIONAL (N.A.) 143 
T COMPUTER BOOK CLUB, THE (N.A.) 1904-8 
а COMPUTER BOOK CLUB, THE (N.A) 191 
ч MCGRAW-HILL PROF & REF DIV 201 
291 NSTUSOFTWARE DIGEST 167 
97 OSBORNE MCGRAW-HILL 230 
" PC DIGEST 251 
51 MISCELLANEOUS 

а BYTE BACK ISSUES (INTL) 153 
е BYTE EURODECK 223 
A BYTE EUROPEAN RESELLER (INTL) 161 
: ВҮТЕ REPRINTS 152 
- ВҮТЕ SUB MESSAGE 98 
S DATAPRO 44-45 
530 DIALOGIC TELECOM EUROPE 4015 22 
150 NATIONAL PRODUCTIONS INC 240 
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EDITORIAL INDEX 


For more information on any of the companies covered in articles, columns, or news stories 
in this issue, circle the appropriate inquiry number on Your Direct Link Card. Each page number 


refers to the first page of the article or section in which the company name appears. IS pages 
appear only in the International edition. 


inquiry No. Page No. 
A 
1105, Aamazing Technologies 202 
1350 
1351 Acer America 202 
1468 Adder Technology 4015-3 
1107, ADI Systems 202 
1108, 1353, 1354 
1061, Adobe Systems 46, 179, 183 
1075 
1283 Aetech 258 
1428 AFD Computers 4015-13 
1301 AIB Software 258 
1062 Aldus 46 
1355 Altima Systems 202 
1108, Атах Engineering 202 
1356 
1454 Amsoft PDA Perpherais 4015-13 
1286 AM Software 258 
1110, AOC international 202 
1357 
1063, Apple Computer 10, 46, 74, 119, 
1076 139, 155, 179, 197 
1273 Applix 258 
1313 ArcanaTech 254 
1111, Arche Technologies 202 
1358 
1437 Argos Systemes 401S-13 
1064 Artisott 46 
1065 AST Research 46 
1066 Asymetrix 46 
AT&T 101, 119, 131 
1067 AT&T Microelectronics 46 
1147 ATI Technologies 243 
1476 Automatismes et 4015-3 
Telecommunications 
B 
1434 Baier & Hippold 4015-13 
1068 Banyan Systems 46 
1146 Berkeley Systems 197, 243 
1325 BitWise Designs 254 
1069 Borland Intemational 46, 139, 155 
C 
1335 Calculus 254 
1070, Canon Computer Systems 46, 254 
1327 
C-Cube Microsystems 107 
1359 Chenbro Micom 202 
1090, Chorus Systems 131 
1091 
1023, Chuntex 4015-3 
1460 
1071 Claris 46 
1318 Communications Intelligence 254 
1112 Compac Microelectronic 202 
1423 Сотрзой 4015-13 
1328 Comtrol 254 
1480 Continuum Specialist 4015-3 
Technologies 
1459 Cristie Electronics 4015-3 
1113, CTX Intemational 202 
1114, 1360 
1072 Cyrix 46, 83 
n 
1311 Data Transition 258 
1073 Dauphin Technology 46 
1426 DBS 4015-13 
DEC 74,91, 119, 131, 139, 231 
1279, DeLorme Mapping 258 
1297 
1074 Delrina Technology 46 
1115, Delta Products 202 
1116 
1024 Diamond Computer Systems 46 
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inquiry No. Page No. 
1441 Dimatrix 4015-13 
Е 
1338 ЕСС5 254 
1448 Editor Software 4015-13 
1469 Elsa 4015-3 
1304 Emeritus Technologies 258 
1020 EMP 4015-3 
1026 Ео 46 
1117 Epson America 202 
1361 ETC Computer 202 
1159 Etter Industries 243 
1276 Executive Software 258 
F 
1027 Fast Electronics U.S. 46 
1481 First International Computer 4015-3 
1440 FirstCiass 4015-13 
1466 Focasel 4015-3 
1028 Folio 46 
1106, Fora Addonics 202 
1352 
1029 Fractal Design 46 
1021 Future Computers 4015-3 
1457 Futurum X 4015-3 
G 
1471 Galatrek Intemational 4018-3 
1472 Genicom 4015-3 
1298 Genus Microprogramming 258 
1277 Greenleaf Software 258 
1030 Gupta 46 
H 
1281 Harbor Software 258 
1278 Helix Software 258 
1477 Hepp Computertechnik 4015-3 
1031 Hewlett-Packard 46, 74, 139, 155 
1381 Hitachi America 202 
1321 Hunt Manufacturing 254 
! 
1032, ІВМ 10, 46, 74, 91, 117, 
1118, 1362, 1382 119, 139, 155, 202 
1439 ICL 4015-13 
1383 Idek iiyama North America 202 
1033 intel 46, 74, 83, 91, 
101, 117, 131, 139, 155 
1344 InterActive 254 
1323 Intemational Computers 254 
1430 Intex Software 4015-13 
1034 Intuit 46 
1433 Italian Software Agency 4015-13 
J 
1035 JVC Information Products 46 
of America 
K 
1427 Kagema 4015-13 
1119, KFC USA 202 
1363 
L 
976 Пап: Software 172 
1364 Liberty Electronics 202 
1425 Longman Logotron 4015-13 
1036 Lotus Development 46, 155 
M 
1316 MacNet 254 
1155 Macronix 243 
1120, MAG innovision 202 
1365 
1474 Mannesmann Tally 4015-3 
1275 Mathworks 258 
1037 Matrox Electronic Systems 45 
1151 Maximum Storage 243 


inquiry No. Page No. 
1479 Media Service International 4015-3 
1284, Media Vision 254, 258 
1315 
1326 Megamedia Computer 254 
1121 Megatron Computer Systems 202 
1122 MGC Technologies 202 
1330 Microcom 254 
1160 Microlytics 243 
1154 MicroProse 243 
1038, Microsoft 46, 101, 117, 119, 
1079, 1148, 1445 139, 155, 189, 227, 
237, 243, 4015-13 
1307 Microware 258 
1436 Microway 4015-13 
Мірѕ 91, 119, 131 
1123, Mitsubishi Electronics 202 
1124, 1366, 1384 
1272 The Molloy Group 258 
1039 Motorola 10, 46, 74, 91, 
117, 131, 139 
N 
1040, Nanao USA 46, 202, 243 
1152, 1367, 1368, 1369, 1385 
1475 National Instruments 4015-3 
1125, NEC Technologies 202 
1370, 1386 
1300 Network Appliance 258 
1041 Next 46, 139, 155 
1432 NIBS 4015-13 
1387 Nissel Sangyo America 202 
1042 No Hands Software 46 
1043 Novell 46, 119, 139, 155 
1044 Nu-Mega Technologies 46 
0 
1045 Olivetti North America 46 
1464 Olympic Communications 4015-3 
1312 Omnifax 254 
1126, Optiquest 202 
1371 
1127, Orchestra Multisystems 202 
1372 
1470 Ortek Technology 4015-3 
Р 
1339 Pacific Crest Technologies 254 
1373 Panasonic 202 
Communications Systems 
1442 Paritech 4015-13 
1046 PCI Special interest Group 46 
1336, Philips Consumer 202, 254 
1374 Electronics 
1047 Pioneer New Media 46 
Technologies 
1156 Plannet Crafters 243 
1429 Pouliadis Associates 4015-13 
1452 Praxis Business Systems 4015-13 
1337 Procom Technology 254 
1465 Professional 4015-3 
Storage Solutions 
1128 Proton 202 
1314 Proxima 254 
1048 Psion 46 
Q 
1331 QLogic 254 
1049 OMS 46 
1129 бите Peripherals 202 
R 
1319 RacalDatacom 254 
1317 RDI Computer 254 
1456 Reflex 4015-3 
1289 ResNova Soltware 258 
1447 Robinson Marshall 4015-13 


inquiry No. Page No. 
1463 Roland Digital Group 4015-3 
RSA Data Security 139 
5 
1150 S&S International 243 
1431 Sage Group 4015-13 
1130, Sampo America 202 
1375 
The Santa Cruz Operation 131 
| 1346, Sceptre Technologies 202 
1376 
1435 Scientific Software 4015-13 
1377 Sigma Designs 202 
1050, Silicon Graphics 46, 74, 
1078 155, 183, 227 
1446 Skywell 4015-13 
1051 SoftArc 46 
1444 Software AG 4015-13 
1153 Software Marketing 243 
1282 Sonera Technologies 258 
1473 Sonix Communications 4015-3 
Sony 197, 231 
1378, Sony Electronics 202 
1379, 1388 
1449 Sophos Data Security 4015-13 
1052 Stac Electronics 46 
1324 STB Systems 254 
1451 Strand Software 401S-13 
Technologies 
1280 Streetwise Software 258 
1287 Stylus Innovation 258 
Sun Microsystems 74,91, 117, 
119, 139, 155 
SunSelect 155 
1347 SuperMac Technologies 202 
1157 Supra 243 
1482 SwitchCom 4015-3 
1053, Symantec 46, 258 
1303 
T 
Taligent 119, 139 
1455 Technocom 4015-13 
1421 Tonality Systems 4015-13 
1289 Touchstone 258 
U 
1450 Unica 4015-13 
Unix System 117, 131, 139 
Laboratories 
1149 USRobotics 243 
ү 
1453 Viatec Software 4015-13 
1332 VidTech Microsystems 254 
1348, ViewSonic 202 
1380, 1389 
1158 Visual Solutions 243 
1461 Vocom 405-3 
1054 The Voyager 46 
W 
1055 Watcom Intemational 46 
1296 WaterGate Software 258 
1280 Westbrook Technologies 258 
977 WNDX 172 
1056 WordPerfect 46, 155 
X 
978 ХУТ Software 172 
Z 
1057 Zedcor 46 
1349 Zenith Data Systems 202 
979 Zinc Software 172 
1293 Z-RAM 258 


bla: Your Loach 
to the Internet! 


Give BIX a try with our new 5 for Free Offer! Join BIX 
today and get 5 hours of evening and weekend access for free! 


Take the rest of the calendar month to explore BIX, and then 
continue for our standard $13 monthly membership fee. 
Pp Further details and complete rate information are 
provided during registration. Using any communications 
program, dial 1-800-695-4882. At the “logon” prompt enter bix. 
Then at the "name?" prompt enter bix.byte39. If you have any 
questions, call us at 1-800-695-4775 (voice). Or fax us at 617-491-6642. 
Send Internet mail to info@bix.com. Windows users can order BlXnav, our graphical 


? hflirs for A 


interface for BIX, for easy point and click access. Details are available during registration. 


Under tha 5 for Free pisri, daytime retos ($9/hr.) apply Ки access durmg pima ume hours The 5 for Free offer is мана for тъ ито members ordy. 


Circle 450 on Inquiry Card. 


The Internet connects you with 
more than 10 million people , at 
universities, companies, and other 
online services. Now, get full access 
to the Internet free of charge when 
you subscribe to BIX! You'll also 
get expert assistance from BIX 
moderators who can help you find 


your way around the Internet. 


These experts can guide you through 
the many services and features 
available, and help you find the 
information you're looking for. 
Anytime you need help, just join our 
special ‘internet’ conference and get 
fast answers to your questions. 


As you become more familiar with the 
Internet, you'll be able to download 
files from all over the world using FTP, 
connect to other sites and services 
through telnet, read and reply to 
Usenet Newsgroups, access utilities 
like finger and whois, and much more! 
BIX and the Internet together provide 
the largest and most effective technical 
resource for computing professionals. 


And with over 600 local access 
numbers in the U.S., plus telnet access 
via the Internet, BIX makes it easy to 
connect. Try BIX today through our 
special 5 for Free offer - and become 
part of the top technical team! 


If you can hack it 


Thornton A. May 


There are many similarities 
between Richard 111 and an 
MIS director 


ew information technologists remember 
Cole Porter’s admonition in Kiss Me Kate 
to “brush up your Shakespeare.” Fewer 
still took action on the prolific composer's 
suggestion. But many contemporary computer technol- 
ogists share many characteristics with that most infa- 
mous of all Shakespeare's characters — Richard III, at 
least as he appeared in the early pre-tragic parts of the 
eponymous play. 

Professional thespians agree that there is no more 
sought after and yet no more difficult part to play than 
Richard III. Indeed, Richard Burbage, the actor who first 
played Richard 1П for Shakespeare (ca. 1593—1594), was 
heard to tell the playwright after opening night, "If you 
ever do this to me again, I'll kill you.” 

In a similar vein, the difficulties facing an MIS exec- 
utive as he or she enacts the role of authoritative tech- 
nologist in an organization require an ability to: 


Understand how the technology works 

Understand business problems 

Move seamlessly and rapidly between multiple 
platforms 

Address business problems with technology 
solutions 

Innovate and manipulate the evolving technological 
environment 

* Prepare the organization for * what's next” 
technologically 


Richard Ш (unlike all the other Shakespearean trag- 
edies) omits a major fourth act break. To play Richard re- 
quires almost supernatural strength, skill, and endurance. 
An information technologist is also asked to play a big- 
ger-than-life role in his or her organization. 

Like Richard, many technologists have turned their 
uniqueness into a source of power. As organizations 
emerge from the planning stages of the investment pro- 
grams that will revitalize their in-place technology in- 
frastructures, the move is away from "stuff you buy 
cheap" to "stuff you buy smart." The technologist plays 
a crucial role in the increasingly important “knowledge 
space," where money and technology combine to create 
business value. 

In Richard Ш, the action revolves almost totally around 
the title character. In a similar fashion, the decisions to ac- 
quire and implement technology revolve around the tech- 
nologist. The technologist, as the central actor operat- 
ing in the knowledge space, is responsible for identifying, 
verifying, and specifying how technology budgets will be 
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allocated. There is now a great deal of activity in the 
knowledge space around reengineering work processes, 
retraining the user, and, most important, getting the tech- 
nology to work as promised. Shakespeare may have writ- 
ten, “The play is the thing.” An appropriate information 
age paraphrase might be, “The technology is the thing." 

While Richard and contemporary technologists share 
many behavior traits, it is important to realize that dis- 
similarities do exist. For one thing, Richard is a great 
actor. Technologists tend to be less theatrical in nature, 
less able to make protean shifts in behavior at a mo- 
ment's notice. They also tend to be truthful and fact- 
based—nothing is further from the truth for Richard. 

Another dissimilarity is that Richard is malevolent. 
Information technologists, for the most part, are not. If 
they have a flaw, it is that they are too self-effacing and 
too honest to play the political games that constitute such 
a lamentably large part of today's employment picture. 

À key dissimilarity is that Richard is monodimen- 
sional. He has one and only one focus: He wants to be 
king. When he achieves that objective, he loses momen- 
tum and initiative. Instead of being the high-energy, 
bustling protagonist of the play's early acts, he becomes 
a sedentary responder to initiatives put in play by others. 
He fears the future. 

The contemporary technologist does not stop just with 
identifying or specifying a technology to buy. He or she 
maintains responsibility through implementation, main- 
tenance, and return on investment. The technologist not 
only looks forward to the future but also plays an active 
role in shaping that future. 

Richard manages to alienate (and in many cases exe- 
cute) all those around him. Quite conversely, successful 
technologists draw people to them— not so much by the 
power of personality as by the power of thinking. iii 


Thornton А. May is director of research for Tenex Consulting, a 
Burlington, Massachusetts—based management consulting firm. 
You can contact him on BIX c/o "editors. " 


“W/hy on earth 
would this bozo think 
Id want to buy a 


1993 Rentium with 


a bus that's been 
dragging its 
butt since 1984?” 


INTRODUCING 
THE “NO BOZO” PCI 
BUS PENTIUM PC. 


Imagine trying to pawn off a 
intel. Pentium™ machine with a bus designed 
pentium: for a 286 antique! Well, that’s not the 
SOINTEL 32 
case with the Dell Dimension" XPS 


Pentium PCs. These racehorses feature 


a 60MHz Pentium Processor that delivers nearly twice the 
performance of the 1486" 66MHz CPU. And thanks to a 
redesigned floating point unit, these Pentium systems deliver 
up to five times the performance of the i486 66 processor in 
math-intensive applications. 

Whats more, Dell Dimension XPS Pentium systems 
feature the PCI bus. Capable of sustaining 120MBps as 
opposed to 16 with ISA, these systems take full advantage of 
the processing power of the Pentium CPU. Delivering 
maximum performance from even the most graphic-intensive 
Windows™ applications. 

So dont settle for todays CPU with 
yesterdays I/O technology. Call Dell. And 


forget about those other bozos. 
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DELL DIMENSION XPS P60 
PENTIUM 60MHz SYSTEMS 


$2,999 


Business Lease: $11 1/MO. 


e SMB RAM * 128MB Max RAM * 450MB Hard 
Drive e 256KB External Cache * 5 Expansion Slots 
Available (3 16-Bit ISA, 1 PCI, 1 PCI/ISA Shared) 

e PCI #9GXE Video Accelerator Card with Video 
Control Panel Software • IMB Video RAM e Ultra- 
Scan" I4C Monitor (14 1024 x 768, .28mm, NI) * One 
Diskette Drive (3.5") * Spacesaver Keyboard * Multi- 
Session, Double-Spin CD ROM Drive • MS-DOS? 
6.0fMicrosoft* Windows 3.1/ Mouse 

Order Code #5000044 


$3,599 


Business Lease: $130/MO. 


e 16MB RAM * 128MB Max RAM e 528MB Нага 
Drive ® 256KB External Cache * 5 Expansion Slots 
Available (3 16-Bit ISA, 1 PCI, 1 PCI/ISA Shared) 

e PCI :9GXE Video Accelerator Card with Video 
Control Panel Software • 1MB Video RAM * Ultra- 
Scan 15FS Monitor (15^ 1024 x 768, 28mm, NI) * One 
Diskette Drive (3.5") • Spacesaver Keyboard * Multi- 
Session, Double-Spin CD ROM Drive e MS-DOS 
6.0/ Microsoft Windows 3.1/Mouse 


Order Code #5000045 


$3,099 


Business Lease: $144/MO. 


e 16MB RAM * 128MB Max RAM * 528MB Hard 
Drive * 256KB External Cache * 5 Expansion Slots 
Available (3 16-Bit ISA, 1 PCI, 1 PCI/ISA Shared) 

e PCI #9GXE Video Accelerator Card with Video 
Control Panel Software 9 1MB Video RAM * Ultra- 
Scan I7FS Monitor (17% 1280 x 1024, .26mm Stripe 
Pitch, NI) * One Diskette Drive (3.5") * Spacesaver 
Keyboard * Multi-Session, Double-Spin CD ROM 
Drive * MS-DOS 6.0/Microsoft Windows 3.1/Mouse 
Order Code 25000046 


TO ORDER, CALL 


800-232-5617 


HOURS: MON-FRI 74M-SPM CT SAT IOAM-6PM CT SUN 12РМ.5РМ CT 
IN САМАРА? CALL 800-558-3021, PLEASE REFERENCE #1TEAV 
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INTRODUCING THE — 
HIGH PERFORMANCE DELL 
DIMENSION AND DELL 
DIMENSION XPS SYSTEMS. 


When you call to order a Dell 
Dimension system, you'll always reach 
someone who speaks your language. 

Someone who knows the Pentium 
Processor, PCI, VL, and you. 

Someone who can actually help 
you optimize the system that's ideal for 
your specific needs — with guaranteed 
compatibility between all components. 

Should you ever require help in the 
future, our technical support hotline is 

open twenty-four hours 
a day, seven days a 
week. We'll respond 
to your phone call in 
five minutes or less. 
Guaranteed: 

If we cant solve your problem 
over the phone, we will send someone 
to service your machine by the next 
business day. And we guarantee’ that 
service, too. 

We believe it's service like this that’s 
earned Dell the Highest Ranking in the 
J.D. Power and Associates 1993 Desktop 
Personal Computer Satisfaction Study’ 
among business users. 

So call Dell. And get a great price 
on the system you want. From someone 


DELL DIMENSION XPS. 
PCs DESIGNED FOR THE HIGH 


PERFORMANCE USER. 


DELL DIMENSION 4255V 
i486 SX 25MH: SYSTEM 


$1,399 


Business Lease: $52/MO. 
e 4MBRAM * 64MB Max RAM * 270MB 
Hard Drive * Upgradeable to Pentium 
Overdrive" e 5 16-Bit ISA Expansion Slots 
Available, 2 on VL-Bus™ © Accelerated 
Local Bus Video * UltraScan 14C Monitor 
(147 1024 x 768, .28mm, NI) * One Diskette 
Drive (3.5") * Spacesaver Keyboard * MS- 
DOS 6.0/ Microsoft Windows 3.1/ Mouse 


Order Code 25000047 


DELL DIMENSION 433V 
i486 DX 33MHz SYSTEM 


$1,799 


Business Lease: $67/MO. 
e 4MB RAM * 64MB Max RAM * 270MB 
Hard Drive * Upgradeable to Pentium 
Overdrive * 5 16-Bit ISA Expansion Slots 
Available, 2 оп VL-Bus * Accelerated Local 
Bus Video * UltraScan 14C Monitor (147 
1024 x 768, .28mm, NI) * One Diskette 
Drive (3.5") e Spacesaver Keyboard * MS- 
DOS 6.0/ Microsoft Windows 3.1/ Mouse 
Order Code 25000043 


DELL DIMENSION 466V 
i486 DX2 66MH: SYSTEM 


$1,999 


Business Lease: $74/MO. 
e 4MB RAM * 64MB Max RAM * 270MB 
Hard Drive * Upgradeable to Pentium 
Overdrive * 5 16-Bit ISA Expansion Slots 
Available, 2 on VL-Bus * Accelerated Local 
Bus Video * UltraScan 14C Monitor (147 
1024 x 768, .28mm, NI) * One Diskette 
Drive (3.5") * Spacesaver Keyboard * MS- 
DOS 6.0/ Microsoft Windows 3.1/ Mouse 
Order Code #5000049 


DELL DIMENSION XPS 450V 
i486 DX2 50MHz SYSTEM 


$2,499 


Business Lease: S92/MO. 
* 8MB RAM * 64MB Max RAM * 320MB 
Hard Drive • 128KB External Cache 
* Upgradeable to l'entium Overdrive * 5 
16-Bit ISA Expansion Slots Available, 1 on 
VL-Bus * VL :9GXE Video Accelerator 
Card with Video Control Danel Software 
© IMB Video RAM ® UltraScan 15FS 
Monitor (157 1024 x 768, set NI) 
* One Diskette Drive (3.5") сеѕаует 
Keyboard • Multi-Session, ate ten 
CD ROM Drive • MS-DOS 6.0/Microsoft 
Windows 3.1 /Mouse 


Order Code #5000050 


DELL DIMENSION XPS 466V 
i486 DX2 66MHz SYSTEM 


$2,699 


Business Lease: $100/MO. 
e 8MBRAM * 64MB Мах RAM * 528MB 
Hard Drive * 256KB External Cache 
e Upegradeable ro Pentium Overdrive 
e 6 16-Bit ISA Expansion Slots Available, 
1 оп VL-Bus e VL =9GXE Video 
Accelerator Card with Video Control 
Panel Software © IMB Video RAM 
e UltraScan 15Е5 Monitor (157 1024 x 
768, .28mm, NI) * One Diskette Drive 
(3.5") * Spacesaver Keyboard ¢ MS-DOS 
6.0/ Microsoft Windows 3.1/Mouse 
Order Code 25000051 


DELL DIMENSION XPS 466V 
i486 DX2 66MH: SYSTEM 


$2,999 


Business Lease: $111/MO. 
e 16MB RAM ° 64MB Max RAM * 450MB 
Hard Drive © 256KB External Cache 
e Upgradeable to Pentium Overdrive • 5 
16-Bit ISA Expansion Slots Available, 1 on 
VL-Bus * VL #9GXE Video Accelerator 
Card with Video Control Panel Software 
e IMB Video RAM * UltraScan 15FS 
Monitor (157 1024 x 768, .28mm, NI) 
* One Diskette Drive (3.5") * Spacesaver 
Keyboard * Mulri-Session, Double-Spin 
CD ROM Drive e MS-DOS 6.0/ Microsoft 
Windows 3.1/Mouse 
Order Code 45000052 


DELL DIMENSION XPS P60 
PENTIUM 60MH: SYSTEM 


$3,999 


Business {жа $144/МО. 
e (GMB RAM * 128МВ Max КАМ ® 528MB 
Hard Drive © 256KB External Cache * 5 
Expansion Slots Available (3 16-Bit ISA, 1 
PCI, 1 PCI/ISA Shared) * PCI 39GXE Video 
Accelerator Card with Video Control Panel 
Software © 1MB Video RAM e UltraScan 
17FS Monitor (177 1280 x 1024, .26mm 
Stripe Pitch, NI) * One Diskette Drive (3.5") 
e Spacesaver Keyboard * Multi-Session, 
Double-Spin CD ROM Drive * MS-DOS 
6.0/Microsoft Windows 3.1/Mouse 


Order Cade #5000053 


TOY BOX 
SIGMA DESIGNS REELMAGIC: $399 
SOUND UPGRADE: $199 
e Soundblaster 16 
* Peavey 220 Stereo Speakers 
MULTIMEDIA UPGRADE: $398 
e Soundblaster 16 * Peavey 220 Stereo 


Speakers • Multi-Session, Double-Spin 
CD ROM Drive * Microsoft Home 
Software Sampler 


US ROBOTICS 14.4 DATA/FAX MODEM: $179 


VIPER VIDEO CARD’: $199 
(60 Million WINMARKS*), (Available Only 
On Dimension XPS) 


DOLL 


TO ORDER, CALL 


800-678-1190 


HOURS: MON-FREZAM-9PM CT SAT IOAM-6PM CT SUN 12PM-5PM CT 
IN CANADA? CALL 800-668-3021. PLEASE REFERENCE #11EAW 


who knows what you're talking about. 


gistered owners of Dell Dimension systems purchased after 8/1/93. For a complete copy, please call our TechFux™ line at 1-800-950-1329 or write Dell USA L.P., 9505 Arboretum Blvd., Austin, 
d in U.S. only. Some products and promotions not available in Canada. “Business leasing arranged by Leasing Group, Inc. “On-site service provided by BancTec Service Corp. On-site service may not be available in 
Windows is a trademark of Microsoft Corporation. VL-Bus is a trademark of Video Electronics Standards Association, The Viper Video Сата is supplied ta Dell by Diamond Computer Systems, Inc. Dell disclaims 


"1993 J.D Power and Associates Deskop Personal Computer Sarisfectiun Study conducted among 
TX 78759-7299, Attention Dimension Guarantees. “Performance measured by running 
certam remote areas. The Intel Inside logo ıs а registered trademark and i486, Pentium and 
[ruprietacy interest in the marks and names of others 1993 Dell Computer Curputatin. All rights 


Бихте» users und hased on 1,956 user respondents “Guarantees available in the USA only for те 
WinBench Venum 3 II at 1024 x 768, 256 colors uung Viper Video Driver vernon I | "Prices vak 
Overdrive aw trademarks of Intel Corporanin. MS-DOS and Microsaft ате registered crademarks and 


reserved, 


THE ONE _ 


15" UltraScan™ color monitor One-year next-business-day 
(1024 x 768, .28mm, NI) on-site service? 


230MB hard drive SOMHz processor with 
and 128KB 8MB of RAM 
-—— Multi-session, double-spin 
7 expansion slots CD ROM drive 
m One didianmdrm( 35") 
VL #9GXE video accelerator МШЕ — P 
card with video control — roms EE oi 
panel software | тынша 


Peavey amplified speakers 


Labtec Dynamic microphone 


(> $2,799 | 


aan 


eins ly d 
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Just in case you missed the price in all of the of affordably priced Dell multimedia systems. 
excitement, wed be happy to show you one more Each one configured to give you more blast for 
time: $2,799. (Business Lease: $104/Mo.). your dollar. From the company that ranked highest 

You might find some other multimedia systems in the 1993 J.D. Power and Associates Desktop 
out there. But you wont find anything in the same Personal Computer Satisfaction Study among 


league as the Dell Dimension?! XPS 450V. Аг least business users. 
not for the price Call to order your Dell Dimension XPS 


And it’s just one of a whole family DeLL 450V today. And come out a winner. 


TO ORDER, CALL 


800-553-6046 


HOURS: MON-FRI 7AM.9PM CT SAT IDAM-6PM СТ SUN 12PM-SPM CT 
IN CANADA? CALL 800-668-3021 PLEASE REFERENCE #11EA4 


Order Code #5000043 


1993 J.D. Power and Assas Desktop Personal Computer Satisfaction Shady conducted among business users and based on 1,056 user vespondenus. 


